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ABSTRACT 
Illite deposit of Fiizerradvany is a part of a low sulphidation type epithermal system hosted by an Upper Miocene (Sarmatian) volcanoclastic 
and sedimentary sequence. Mineable high quality illite bodies were formed along siliceous veins due to interaction of hydrothermal fluids 
with permeable rock units. In order to get highly reliable K-Ar data for timing of the hydrothermal activity, careful sample preparation and 
duplicate analyses on illite samples in two independent laboratories (Institute of Nuclear Research, Hungarian Academy of Sciences and 
Okayama University of Science, Japan) were carried out. On the basis of the results, the most probable age of mineralization is 11.89 ± 0.3 
Ma. This result is in agreement with previous data suggesting that hydrothermal mineralization exposed in the Tokaj Mts. took place during 
the Middle-Upper Miocene (Sarmatian) paroxims of volcanism. 
Key words: K-Ar dating, illite, Carpathians, Tokaj Mts., epithermal system 
INTRODUCTION 
The recognition and exploitation of the ceramic clay 
locality of Korom Hill at Füzérradvány (Tokaj Mts.) dates 
back to the first half of the 19lh century. In the 30's of the 
20th century the material became famous as one of the first 
known occurrences of micaceous clay minerals. The 
Füzérradvány illite was first described by Maegdefrau and 
Hofmann (1937) who compared their results on the "mica of 
Sárospatak" with those of a "sericite-like mineral from 
Illinois, U. S. A., the material which the name "illite" was 
given by Grim et al. (1937) and found considerable 
similarities. Thus the "mica of Sárospatak (i. e. 
Füzérradvány) has a very close relation to the birth of the 
widely used mineralogical term "illite". Since this time the 
material was subject of numerous investigations. By these 
studies the Füzérradvány "illite" became probably the most 
famous Hungarian clay mineral (Viczián 1997). Recently it 
has been used as standard material called "Zempleni illite ". 
The identity of "Zempleni illite" with the Füzérradvány 
"illite" and the main results of its recent investigations were 
discussed by Viczián (1996). 
The mineralogical properties of illite from the clay 
deposit at Füzérradvány (e.g. "Zempleni illite ") have already 
been studied in detail (Nemecz and Varjú 1970, Patzkó and 
Szántó 1983, Srodon 1984, Dódony 1985, Ahn and Buseck 
1990, Veblen et al. 1990, Reynolds 1992, Srodon et al. 
1992), however, genesis of the deposit and especially age of 
mineralization has not been clarified in more detail. Mátyás 
(1972) established a generalized model for the processes 
leading to the formation of the deposit and a further impact 
on the studies of the area was the discovery of precious metal 
anomalies in relation to the deposit (Hartikainen et al. 1992). 
Detailed field surveying (Csongrádi and Zelenka 1995) has 
clarified the relationships between precious metal enrichment 
and argillic alteration and new results of ore deposit 
modelling in the Tokaj Mts. (Molnár 1993, Molnár et al. 
1999) provided background for re-evaluation of earlier data. 
An important aspect of understanding of hydrothermal 
systems is the knowledge of age of mineralization and its 
relationship to volcanic processes on the local, as well as, 
regional scale. Because illite and other K-bearing minerals 
also occur in other hydrothermal systems of the Tokaj Mts., 
K-Ar dating appears to be useful tool for such studies. 
Previous studies by Srodon et al. (1992) suggested a 
Badenian age for the mineralization on the Korom Hill, 
however, this was not reasonable because of the geology of 
the area. This paper aims to summarize our knowledge about 
the clay deposit at Füzérradvány and provides an upgraded 
model for the mineralizing processes taking into account 
results of new geochronological data. 
GEOLOGY AND CHARACTERISTICS OF THE CLAY DEPOSIT 
The Korom Hill in the vicinity of Füzérradvány village is 
situated in the northeastern part of the Tokaj Mts. and 18 km 
northwest of the town of Sátoraljaújhely (Fig. 1). The Tokaj 
Mts. is a part of the Carpathian intermediate-acidic calc-
alkaline volcanic belt of Neogene-Quaternary age (Pécskay 
et al. 1995) and locates in the turning area of the Western and 
Eastern Carpathians. The syn- to post-collisional 
intermediate-acidic volcanism of the Western Carpathians 
and the andesitic volcanic arc of the Eastern Carpathians 
differ in petrochemical and petrogenetical aspects, however, 
both areas are intensely mineralized and subjects of 
exploration for epithermal gold. The Tokaj Mts. is located on 
a NNE-trending graben structure formed during the Miocene 
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Fig. I. Geology of the Korom Hill area (after Csongrádi and Zelenka 1995). Inset shows the geological sketch of the Tokaj Mts. with indication of study area. 
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Pécskay et al., 1986) volcanic activity. Most of the volcanic 
rocks exposed belong to the Sarmatian-Pannonian volcanic 
cycle; volcanic rocks of Badenien age crop out in the 
northeastern part of the mountains and are known under the 
up to 800-1000 m thick cover of younger volcanic products 
in drillholes. K-Ar dating on many mineralized areas showed 
that most of hydrothermal systems were active between 13 
and 10 Ma ago (Pécskay and Molnár 2002). 
In the area of Füzérradvány, the basement of the Tokaj 
Mts. is represented by a sequence of Paleozoic age consisting 
of gneiss, amphibolite and mica schist. These metamorphic 
rocks are exposed east of the Korom Hill, both in Hungary and 
in Slovakia (Fig. 1). Based on drillhole data, the basement 
rocks are overlain by Miocene (Badenian) sediments. 
The area of Korom Hill represents a tectonically uplifted 
block in which the oldest exposed rocks are marine clays of 
Upper Miocene (Sarmatian) age overlain by ignimbrite 
(pumiceous rhyolitic tuff) and tuffite (Fig. 1). Considering 
the intense hydrothermal alteration of these rocks, their 
radiometric age could not be determined. A lacustrine 
sequence of about 100 m thickness forms the cover of the 
acidic volcano-sedimentary units (Mátyás 1974, Gyarmati 
1977). Most of the lacustrine sediments consist of siliceous 
rocks partly due to the sedimentation environment of high 
silica content and partly due to the later hydrothermal 
alteration. The main rock types of this lacustrine sequence 
are silicified fine grained sandstone; silicified siltstone with 
prints of fossil plants and Mollusca and lacustrine silica of 
white, black and red colour observed usually at the top of the 
sequence. Those deposited in small lakes which were fed by 
hot springs, whose major outflow zones are characterized by 
opaline-chalcedony bodies of a few tens of meters diameter. 
The above described sequence is penetrated by a rhyolite 
extrusion of northwesterly strike and with 200 m by 700 m 
aerial extension (the Emberko Hill, Fig. 1). All of the above 
mentioned rock types were penetrated by siliceous 
hydrothermal breccia containing fragments of the country 
rocks and quartz veins. Quartz veins have microcrystalline 
massive, or occasionally banded appearance. Thickness of 
subvertical veins is from 0.1 m (quartz veins) to up to 20 m 
(breccia veins) with predominantly northwest-southeast 
orientation (Fig. 1). The orientation of veins corresponds to 
the most common orientation of faults in the mineralized 
area, however, east-west and north-south trending 
unmineralized faults also occur. 
In the area of the Korom Hill, lithogeochemical and soil 
sampling revealed geochemical anomalies of Au, As, Sb and 
Hg (Hartikainen et al. 1992). Hydrotermal activity and 
mineralization is clearly confined to the northwesterly 
striking tectonic elements with strongly silicified rock units 
of 10 to 50 m diameter sitting along these fault zones. 
Silicification and alteration is known in an area of about 10 
km2 and extend to the Early Paleozoic crystalline basement 
units. Mineralization in the basement represents a deeper 
level, possibly a feeder zone of the same system. 
The formation of the illite deposit at Fuzerradvany can be 
confined to the shallow zones of hydrothermal activity 
affecting the ignimbrite and tuff units and lacustrine 
sedimentary sequence of the Korom Hill. Illite occurs in the 
hydrothermal alteration zone along the major siliceous veins 
forming the feeder zones of the shallow hot spring 
environment (Fig. 2). In the vicinity of the hydrothermal 
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Fig. 2. Hydrothermal alteration and distribution of clay deposits in conceptual cross section of the Korom Hill (after Mátyás, 1972). 
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vents, silicification and kaolinite alteration occur proving the 
acidic, silica rich nature of hydrothermal fluids. Silica 
content of these fluids caused intense silicification of clastic 
sediments and deposition of siliceous layers in the covering 
lacustrine-sedimentary sequence. The lacustrine environment 
also supported syngenetic precipitation of clays in periods of 
restricted transport of terrigeneous materials. Neutralization 
of hydrothermal fluids during interaction with rhyolitic tuff 
units at depth resulted in illitization further away from the 
hydrothermal vents. These illite rich zones form the area of 
recent mining. Towards the marginal zones of the 
hydrothermal alteration smectite and less altered rock units 
can be found. 
The mineable illite pods are up to 10 m thick and are 
outlined by the K20 content of the altered ignimbrite and 
rhyolitic tuff and tuffite and high values reflect almost pure 
illite composition (Fig. 3). Excess potassium content 
probably reflects association of hydrothermal K-feldspar 
(adularia) with illite. The high quality pure industrial illite 












It is remarkable that chemical composition of clay is 
almost the same as the composition of "Zempleni illite" 
determined by Veblen et al. (1990) using electron 
microprobe analyses. 
K - A R DATING 
Sampling and analytical methods 
Four illite samples were collected for detailed studies. 
Among those ND-1 and ND-2 represent samples from 
massive illite pods exploited in the mine (Fig. 3). These 
samples are totally altered ignimbrite/rhyolite tuff in which 
all of the original texture and minerals are absent with 
exception of less altered lithoclasts and quartz grains. ND-3 
is a pumice fragment from not so intensely altered 
ignimbrite. Texture of the fragment is still preserved, 
however, the whole mass is intensely argillic. ND-4 is from a 
small clay pocket in the ignimbrite in the vicinity of the 
sampling point of ND-3. Again, the original characteristics 
of host rock are totally eliminated by the intense alteration 
and only lithoclasts remained relatively fresh. 
Suspensions of clay minerals were prepared by wet 
sieving of samples in order to eliminate presence of litoclasts 
and mineral fragments then the suspension was separated by 
decantation. After 5 minutes of settling time the suspension 
from the upper 10 cm of the decantation tube was sampled 
then centrifuged. For ND-3 longer settling time (10 minutes) 
was used to eliminate glass and mineral particle fragments. 
" 
Fig. 3. Distribution of the K 20 content (A) and thickness of mineable clay deposits (B) in the Korom Hill (after Mátyás, 1972) 
with locations of samples. 
www. sei. u-szeged. hu/asvanytart/acta. htm 
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Fig. 4. X-ray powder diffraction patterns for oriented and glycolated (EG) samples 
ND-3 and ND-4. 
Dry and glycolated oriented clay 
samples were analysed by X-ray powder 
diffraction method in order to check 
purity of separates and determination of 
structural properties. XRD analyses 
were performed by using a Siemens D 
5000 type equipment (Bragg-Bentano 
geometry, theta-theta running mode, Cu 
Ka ray, secondary graphite mono-
chromator, 0.05° step interval, 2 
seconds detection time at each steps). 
The K-Ar datings were performed 
on duplicates of illite samples at the 
Institute of Nuclear Research, Hungarian 
Academy of Sciences (Debrecen) and at 
the Okayama University of Science, 
Japan. In Debrecen, conventional 
experimental techniques were used for 
the argon and potassium analyses. 
Details of procedures are those 
described in Pécskay and Molnár 
(2002). The results of calibration of 
instruments and applied methods have 
been described by Balogh (1985). 
In Japan, the potassium contents of 
samples were analysed by flame 
photometry using a 2000 ppm Cs buffer. 
The analytical error of this procedure 
was 2% at the 2a confidence level. Ar 
was dated by a 15 cm radius sector type 
mass spectrometer with a single collector 
system using an isotopic dilution method 
with 38Ar spike. The analytical error of 
Ar analyses is about 1% at the 2c 
confidence level. Details of methods 
were described by Nagao et al. (1984) 
and Itaya et al. (1991). Age 
calculations of K/Ar analyses were 
made using the decay constants given 
by Steiger and Jäger (1977). 
Results 
XRD analyses on oriented and 
glycolated samples provided identical 
patterns for ND-1, ND-2 and ND-4 
samples and this is exemplified by the 
XRD pattern for the sample ND-4 on 
Fig. 4. XRD patterns after glycolation 
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proved that all of the samples have 
small amount of smectite interlayering 
in agreement with the results of 
previous studies on the illite from this 
deposit (see Introduction). Slight 
difference exists for sample ND-3 
which can be related to the presence of 
volcanic glass and quartz particles 
from the altered pumice in spite of the 
longer settling time during sample 
preparation (Fig. 4). 
Results of K-Ar age 
determination are summarized in Table 
I. Range of age data is from 12.2 Ma to 
II.5 Ma. Comparing results of 
laboratories it can be concluded that 
slightly older K-Ar ages were measured 
in Debrecen, except of sample ND-4 
when an older age was obtained in 
Okayama. This latter age difference is 
the obvious consequence of the 
differences in potassium contents 
measured at both laboratories, since the 
argon analyses show excellent 
agreement. For this sample the best 
estimation can be done by taking the 
average value of age calculations, 
which is 11.81±0.4 Ma. 
Sample ND-3 contains the least 
amount of potassium. This is due to the 
origin of this sample (i.e. altered 
pumice fragment). On the other hand, 
this sample provided the youngest 
average K-Ar age (11.53±0.4 Ma). 
Hurley et al. (1963) showed that very 
fine crystal size allows loss of radiogenic 
argon to occur at a temperature little 
above ambient causing the measured 
analytical age to be young. This is 
applicable for ND-3 because its settling 
time was longer in comparison to the 
other samples. Therefore the K-Ar age 
of sample ND-3 should be considered 
as minimum age. 
Table 1. Results of K-Ar dating on illite samples from the Korom Hill, Fuzerradvany, Tokaj Mts. 
Sample 
No. 












ND-1 ATOMKI 6366 massive clay 7.05 7.09 3,316*1 ff6 3,288*10-6 31,4 12,1 +/-0,5 11,89 +/-0,30 
ous S 39-154 7.12 3.259*10"6 93.4 11.8+/-0.3 
ND-2 ATOMKI 6367 massive clay 6.80 6,81 3,228*10'6 3,156*10-6 32,1 12,2+/-0,6 11,88 +/-0,3 
OUS S39-155 6.81 3.084*10"6 94.6 11,6+/-0,3 
ND-3 ATOMKI 6368 altered pumice 4.93 4,95 2,227*10"6 2,226*10-6 43,7 11,6 +/-0,4 11,53 +/-0,4 
OUS S 39-156 4.97 2,225*10"6 89.9 11,5+/-0,3 
ND-4 ATOMKI 6369 clay pocket, alt.tuff 6.44 6,27 2,898*10'6 2,888*10-6 26,8 11,5+/-0,7 11,81 +/-0,4 
OUS S39-157 6.09 2,879*10"6 85.2 12.1 +/-0,3 
6 Z. Pécskay et al. 
Highly consistent average radiometric ages (11.89±0.3 
Ma and 11.88±0.3 Ma) were measured on samples with high 
K-content (ND-1 and ND-2 samples). These data can be 
considered as the most reasonable results for the age of 
formation of illite. 
DISCUSSION 
Geology of the clay deposit at Füzérradvány indicates 
that a volcanic and sedimentary sequence was cut by 
hydrothermal vents and argillic alteration zones are centred 
on those vents (Fig. 2). The relatively acidic nature of fluids 
in the main channels is expressed by the occurrence of 
kaolinite along the veins. Illite forms in less acidic conditions 
in epithermal systems (Hedenquist et al. 1996). Thus illite 
occurrence in certain zones moving apart from the main 
hydrothermal channels can be explained by neutralization of 
acidic hydrothermal fluids during their interaction with 
permeable rock units. The overall zoning of hydrothermal 
alteration on the Korom Hill is very similar to other mineral 
deposits of the Tokaj Mts. (Mátyás 1972) and corresponds to 
shallow levels of low sulphidation type epithermal systems 
(Molnár 1993, Molnár et al. 1999). The only important 
difference in comparison to other shallow hydrothermal 
systems of the Tokaj Mts. is the lack of alunite-bearing 
steam-heated alteration zone in the uppermost part of the 
hydrothermal system (Fig. 2). Steam-heated alteration in an 
epithermal systems forms above the palaeogroundwater table 
(Hedenquist et al. 1996). The lack of this alteration zone oh 
the Korom Hill can be explained by two ways: One 
possibility is that the hydrothermal alteration overprinted the 
lacustrine-sedimentary environment and the steam heated 
alteration zone has already eroded away. Because the 
deposition of silica in the lacustrine environment was due to 
presence of hot springs in the sedimentary basins, this 
invokes that hydrothermal activiy had two stages. On the 
other hand, the feeder zones of discharges might be the zones 
with quartz and breccia veins and thus hydrothermal fluids 
reached the bottom of the basin under the paleogroundwater 
table and therefore formation of steam-heated alteration zone 
was limited. 
Our K-Ar studies suggest that there is no significant 
argon loss from the dated mineral separates. Also, we can 
exclude the presence of excess/inherited argon caused by 
some detrital mica in the concentrates. Therefore assuming 
that the most reliable ages can be related to samples with 
high potassium content, the age of the hydrothermal activity 
on the Korom Hill is 11.89 ± 0.3 Ma. and if there existed two 
overprinting hydrothermal events they cannot be 
distinguished behind the resolution of K-Ar dating. 
CONCLUSIONS 
Mineralization of the Korom Hill at Füzérradvány 
represents shallow levels of low sulphidation type epithermal 
system in which illite formed in certain zones along 
hydrothermal channels. Using appropriate sample 
preparation of illite for K-Ar studies, geologically reliable 
age data were achieved for the hydrothermal activity and 
formation of illite deposit. Results of samples with the 
highest potassium content suggest that illite formation can be 
related to a single hydrothermal event which took place at 
11.89 ± 0.3 Ma. This is in agreement with the Sarmatian age 
of the host rock and rhyolite domes located nearby the 
deposit. Recently obtained analytical data confirm that the 
mineralization at Füzérradvány was formed synchronously 
with other hydrothermal systems in the region, and therefore 
all hydrothermal systems exposed in the area of the Tokaj 
Mts. were formed in relation to the Sarmatian intermediate-
acidic volcanic activity. 
ACKNOWLEDGMENTS 
This work was supported by the bilaterial research agreement 
between the Hungarian Academy of Sciences and the Japan 
Society for Promotion of Sciences. The HNSF (OTKA) 
found No. T 046886 and the HNSF (OTKA) found No. M 
041434 provided additional support. Special thanks to István 
Viczián and Kadosa Balogh for helpful comments during the 
project and preparation of the manuscript. 
REFERENCES 
AHN, J. H . , BUSECK, P . R . ( 1 9 9 0 ) : L a y e r - s t a c k i n g s e q u e n c e s a n d 
structural disorder in mixed-layer illite/smectite: Image 
simulation and HRTEM imaging. American Mineralogist 75/3-4, 
267-275. 
BALOGH, K. (1985): K-Ar dating of the Neogene volcanic activity in 
Hungary: Experimental technique, experiments and methods of 
chronological studies. ATOMKI Report D / l , 277-288. 
CSONGRÁDI, J . , ZELENKA T . ( 1 9 9 5 ) : H o t - s p r i n g t y p e g o l d - s i l v e r 
mineralization in the Tokaj Mts., northeastern Hungary. 
Geological Survey of Greece, Special Publication 4, 659-693. 
DÓDONY, I. (1985): Rétegszilikátok kristálykémiai kapcsolatainak 
és rácsgeometriájának transzmissziós elektronmikroszkópos 
vizsgálata (Transmission electron microscopic investigations of 
crystal chemical relations and lattice geometry of layer silicates). 
C. Sc. Thesis, Hungarian Academy of Sciences, Budapest, 115 p. 
(in Hungarian) 
GRIM, R . E . , BRAY R . H . , BRADLEY W . F . ( 1 9 3 7 ) : T h e m i c a in 
argillaceous sediments. American Mineralogist 22, 813-829. 
GYARMATI, P. (1977): Intermediate volcanism in the Tokaj Mts. 
Annales Instituti Geologici Publici Hungarici LVII I , 1 -196. (in 
Hungarian with extended English abstract) 
HARTIKAINEN, A . , HORVÁTH, I . , ÓDOR, L . , KOVÁCS, L . Ó , 
CSONGRÁDI, J. (1992): Regional multimedia geochemical 
exploration for Au in the Tokaj Mountains, Northeast Hungary. 
Applied Geochemistry, 7, 533-546. 
HEDENQUIST, J . W . , IZAWA, E . , ARRIBAS, A . , WHITE, N . C . ( 1 9 9 6 ) : 
Epithermal gold deposits: Styles, characteristics, and exploration. 
Resource Geology Special Publications 1. 
HURLEY, P . M . , HUNT, J. M . , PINSON, W . H . , FAIRBAIRN, H . W . , 
(1963): K-Ar age values on the clay fractions in dated shales. 
Geochimica Cosmochimica Acta, 27, 279-284. 
ITAYA, T , NAGAO, K . , INNOUE, K . , HONJOU, Y . , OKADA, T . , OGATA, 
A., (1991): Ar isotope analyses by a newly developed mass 
spectrometric system for K-Ar dating. Mineral. J., 15, 203-221. 
MAEGDEFRAU, E., HOFMANN, U. (1937): Glimmerartige Mineralien 
als Tonsubstanzen. Z. Krist. 98/1, 31-59. 
MÁTYÁS, E. (1972): A Tokaji-hegység kerámiai nyersanyagainak 
fóldtani-teleptani viszonyai (Geology and economic geology of 
the creamic raw materials in the Tokaj Mts). Manuscript. 127 p. 
MÁTYÁS, E. (1974): Új illites nemesagyagbánya Füzérradványban 
(A recently explored high-quality clay deposit rich in illite at 
Füzérradvány). Bány. Koh. L., Bányászat 107/3, 187-196. (in 
Hungarian) 
www. sci. u-szeged.hu/asvanytan/acta. htm 
Geology and K-Ar geochronology of illite from the clay deposite at Fuzerradvany 7 
MOLNÁR, F. ( 1 9 9 3 ) : G e n e s i s o f e p i t h e r m a l m i n e r a l i z a t i o n o f t h e 
Tokaj Mts. on the basis of fluid inclusion studies. Unpublished 
PhD Thesis, Eötvös Loránd University, Budapest (in Hungarian). 
MOLNÁR, F . , ZELENKA, T . , MÁTYÁS, E. , PÉCSKAY, Z . , BAJNÓCZI, B . , 
KISS, J. , HORVÁTH, I. ( 1 9 9 9 ) : E p i t h e r m a l m i n e r a l i z a t i o n o f t h e 
Tokaj Mtns., Northeast Hungary: Shallow levels of low-
sulphidation type systems. In Molnár, F., Lexa, J., Hedenquist J. 
W. (eds.): Epithermal mineralization of the Western Carpathians. 
Society of Economic Geologists Guidebook Series 31, 109-153. 
NAGAO, K . , NISHIDO, H . , ITAYA, T. , ( 1 9 8 4 ) : K - A r d e t e r m i n a t i o n 
method. Bulletin of Hiruzen Research Institute, 9, 19-38. (in 
Japanese with English abstract) 
NEMECZ, E . , VARJÚ, GY. ( 1 9 7 0 ) : S á r o s p a t a k i t ( h i d r o t e r m á l i s i l l i t -
montmorillonit) kémiai és szerkezeti sajátságai (Chemical and 
structural investigation of Sárospatakites, Illite/montmorillonite). 
Földtani Közlöny, 100/1, 11-22. (in Hungarian) 
PATZKÓ, Á . , SZÁNTÓ, F . ( 1 9 8 3 ) : F ü z é r r a d v á n y i il l i t p e p t i z á l h a t ó s á g a 
és organofilizálhatósága (Peptisation and organophylisation of 
Füzérradvány illite, abstract). MFT Iliit ankét (Symposium on 
Illite of the Hungarian Geological Society), Zamárdi, 1983, 
Programme book, 23. (in Hungarian) 
PÉCSKAY, Z. , LEXA, J., SZAKÁCS, A. , BALOGH, K. , SEGHEDI, I., 
KONECNY, V. , KOVÁCS, M . , MÁRTON, E. , KALICIAK, M. , SZÉKY-FUX, 
V . , PÓKA, T. , GYARMATI, P., EDELSTEIN, O. , Rosu, E. , ZEC, B. ( 1 9 9 5 ) : 
Space and time distribution of Neogene-Quaternary volcanism in the 
Carpatho-Pannonian Region. Acta Vulcanologica, 7 ,15-28. 
Received: August 27, 2005; accepted: January 10, 2006 
PÉCSKAY, Z . , MOLNÁR, F . ( 2 0 0 2 ) : R e l a t i o n s h i p s b e t w e e n v o l c a n i s m 
and hydrothermal activity in the Tokaj Mountains, northeast 
Hungary, based on K-Ar ages. Geologica Carpathica, 53, 3 0 3 -
3 1 4 . 
REYNOLDS, R. C. (1992): X-ray diffraction studies of illite/smectite 
from rocks, <1 Dm randomly oriented powders, and <1 Dm 
oriented powder aggregates: the absence of laboratory-induced 
artifacts. Clays and Clay Minerals 40/4, 387-396. 
SRODOn, J. 1984: X-ray powder diffraction identification of illitic 
materials. Clays and Clay Minerals 32/5, 337-349. 
SRODON, J . , ELSASS, F : , MCHARDY, W . J . , MORGAN, D . J . ( 1 9 9 2 ) : 
Chemistry of illite-smectite inferred from TEM measurements of 
fundamental particles. Clays and Clay Minerals 27/2, 137-158. 
STEIGER, R . H . , JAGER, E . ( 1 9 7 7 ) : S u b c o m m i s s i o n o n 
geochronology: convention on the use of decay constants in 
geology and geochronology. Earth and Planetary Science Letters, 
3 6 / 3 , 3 5 9 - 3 6 2 . 
VEBLEN, D . R . , GUTHRIE, G . D . , LIVI, K . J. T . , REYNOLDS, R . C . 
(1990): High-resolution transmission electron microscopy and 
electron diffraction of mixed-layer illite/smectite: experimental 
results. Clays and Clay Minerals, 38/1, 1-13. 
VICZIÁN, I. (1996): A füzérradványi illit vizsgálatának újabb 
eredményei (New results in the study of the Füzérradvány illite). 
Földtani Közlöny, 126/2-3, 263-266. (in Hungarian) 
VICZIÁN, I. ( 1 9 9 7 ) : H u n g a r i a n i n v e s t i g a t i o n s on t h e " Z e m p l e n i " 
illite. Clays and Clay Minerals, 45/1, 114-115. 
www. sci. u-szeged. hu/asvanytan/acta. htm 
AMP 
i-szeged, hu/asvanytan/acta. htm 




CHARACTERISATION OF SOME KAOLINS IN RELATIONSHIP WITH ELECTRIC 
INSULATOR CERAMICS MICROSTRUCTURE 
MARIA GOREA, FERENC KRISTÁLY, DANA POP 
Babe§ - Bolyai University 
1 Kogalniceanu str., 400084, Cluj Napoca, Romania 
e-mail: mgorea@ehem.ubbcluj.ro 
ABSTRACT 
Various types of kaolins as representative raw materials for electric insulator ceramics were investigated in order to establish their influence 
on ceramics' properties, defects and microstructure. The raw samples were chemically-investigated (AAS), and tested by X-ray diffraction 
(XRD) and thermal analysis (DTA and TG) in order to define their mineralogical composition and structural characteristics. The thermal 
treatment of the kaolins and of the ceramic mixture was carried out at 1300 °C. The microstructure resulted after firing was studied by optical 
and electron microscopy. The chemical composition of the amorphous phases of the ceramic body was studied by EDS; by processing the 
data acquired, some inhomogeneity in the microstructure of the ceramic body was established. It is concluded that the final microstructure, 
defects and properties of the ceramic products are influenced by the chemical and mineralogical composition of the raw materials. The 
impurities present (namely Fe-bearing phases) have a great influence on the electric properties of the ceramics. The mineral phases present in 
kaolins play a significant role in selecting the wet methods used for preparing the ceramic masses (presence of interstratified I/S increases the 
plasticity, but also the fired shrinkage), and the crystalline phase formation during thermal treatment (formation of poor- or well-crystallized 
mullite and cristobalite). 
Key words: raw materials, ceramics, electric porcelain 
INTRODUCTION 
The increasing demand for high-quality electric insulators 
requires the improvement of their physical and mechanical 
characteristics, that are consequences of the ceramics' 
microstructure. The needed changes refer to both technological 
update and quality of the raw materials. A suitable formulae of 
the raw materials mixture and processing under fixed 
technological parameters should lead to a homogeneous 
microstructure of the ceramics showing the minimum possible 
internal stress (Isik Ece and Nakagawa 2002). 
The electric porcelain for low-tension insulators is usually 
obtained from a mixture of kaolin, feldspar and quartz. Kaolin 
confers the required plasticity for forming and the ceramics' 
raw and dry strength. Feldspar is a flux used for decreasing the 
firing temperature and providing the reactive glassy/vitreous 
phase that dissolves some components of the mixture and 
enables the crystallisation of mullite from the melt. 
The internal stress in ceramics is mainly caused by the 
presence of unreacted, or partly-reacted quartz grains 
(residual grains) into the vitreous phase. The larger quartz 
grains may enter the raw materials' mixture as components 
of kaolins, some of these naturally-containing up to 20 % 
quartz (Andreeva and Ordan'yan 2002). The replacement of 
quartz with a-Al203, besides the fact that increases the 
production costs, it does not completely solve this deficiency 
(Andreeva and Ordan'yan 2003). 
Currently, most of the ceramics producers use the 
"classical" methods for characterising the raw materials and 
the final products, namely chemical composition. The 
mineralogical characterisation is not yet a standard 
procedure, in many cases it is implicitly assimilated to 
chemistry. The most frequently used industrial mineralogical 
methods for raw materials and final products phase 
identification are X-ray diffraction (XRD) (Amigo et al. 
2004), and thermal analysis. 
Under these circumstances, the goals of this paper are the 
chemical (AAS) and mineralogical (XRD) characterisation 
of some commercial raw materials (kaolins) for silica-rich 
electric porcelain, the study of the thermal (DTA and TG) 
behaviour of kaolins and the investigation of the 
corresponding ceramics' microstructure and chemistry (by 
optical and electronic microscopy - SEM, and EDS) after 
specific processing and firing at 1300 °C. 
RESULTS AND DISCUSSION 
Characterisation of kaolins 
Chemical composition 
The clay raw materials used for the ceramic experiments 
are commercial kaolins commonly used for manufacturing 
electric porcelain: 
Kaolin Z (from Czech Republic); 
Kaolin KDH (from Germany); 
Kaolin BO (from Bulgaria); 
Kaolin Har (from Romania). 
The chemical composition was investigated by using 
atomic absorption spectrometry (AAS). The results are 
presented in Table 1. 
The relatively high A1203 content of Z kaolin provides a 
high strength to the ceramics. A low amount of Fe-containing 
phases in KDH and BO kaolins will lead to a higher 
whiteness of the final product. The Har "kaolin" is the richest 
in Si02 and Fe203 among the studied samples. 
X-ray diffraction (XRD) 
The mineralogical composition of the kaolin samples was 
investigated by the means of X-ray diffraction, on a TUR M 
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Table 1. Chemical composition of the investigated kaolins. 
[%] Si02 AI2O3 Fe203* MgO CaO Na20 K 2 0 L.O.I. I z 44.78 39.50 0.82 0.27 0.38 0.15 0.69 13.08 99.67 
KDH 48.59 37.05 0.50 0.49 0.32 0.22 0.57 11.97 99.71 
BO 47.65 37.60 0.68 0.33 0.27 0.32 0.84 11.85 99.54 
Har 55.47 30.68 1.12 1.90 0.57 0.51 1.23 8.15 99.63 
* Total Fe expressed as Fe203. 
60 diffractometer with Co anticathode. The XRD patterns of 
the studied raw kaolins (unoriented samples) are presented in 
Fig. 1. 
In samples Z, KDH and BO, the dominant mineral is 
kaolinite (K), well-crystallized (low defect) in Z kaolin and 
less-crystallized in the other two samples. Quartz (Q) and 
muscovite (Ms) are subordinated. In these samples illite (I) is 
absent or is present in small amounts, thus no influence of 
this phase is expected on the final and rheological properties 
of ceramics. On the other hand, "kaolin" Har is a mixture of 
several mineral phases: interstratified illite/smectite (I/S, 
basal spacing dOOl = 10.36 A) as the main component (~ 74 
%), kaolinite (~ 6 %), quartz (11 %), feldspars (~ 4 %), pyrite 
(~ 1 %) and organic, amorphous material (~ 4 %). The 
presence of the non-clay minerals explains the high amounts 
of Si and Fe in this kaolin-type. The high amount of 
illite/smectite in this raw material explains the high plasticity 
of the raw mixture, but also the high dry and fired shrinkage, 
i.e. the cracks usually occurring after firing (Fig. 5). The 
black spots noticed in the ceramics are the consequence of 
the presence of Fe in phases such as pyrite, Fe oxides and 
hydroxides, as well as of the incomplete firing of organic 
matter. Muscovite (Ms) is present in the illite- and 
illite/smectite-containing samples, as the precursor of illite 
(especially in the Har "kaolin"; traces were identified also in 
BO and KDH kaolins). No muscovite is present in the Z 
kaolin. 
In order to evidence the formation of mullite - the 
specific ceramic component that provides its suitable final 
properties (mainly the mechanical strength), the kaolin 
samples were thermally treated at 1300 °C, in a fast firing 
regime (a firing cycle of 10 hours) under conditions similar 
to those used for ceramics. The corresponding XRD patterns 
are presented in Fig. 2. 
Many previous authors have studied the influence on the 
formation of cristobalite (C) besides mullite (M), of 
parameters such as natural kaolinite crystallinity, presence 
and nature of impurities, or temperature and 
oxidizing/reducing conditions during firing. According to 
Dubois et al. (1995) cristobalite usually forms below 1260 °C 
from poorly-crystallized kaolinite. The studied samples 
revealed the presence of dominant, well-crystallized mullite 
in sample Z and less well-crystallized in samples KDH and 
BO respectively. In sample Har besides mullite, less well-
crystallized than in the previous samples, cristobalite occurs 
in relatively larger amounts. Under fast firing regime 
cristobalite occurred at 1300 °C, its formation being favoured 
by the presence of alkaline oxides. With the increase of 
temperature, muscovite is not significantly affected until 
1100 °C, when it melts. However, under fast firing, the 
muscovite crystalline lattice may undergo some structural 
modification (Ms*), as proven by the XRD patterns. 
Fig. 1. XRD patterns of the studied raw kaolins. Legend: K = 
kaolinite; Ms = muscovite; I = illite; Q = quartz. 
JjJUHn" 
tjixJdMV 
Fig. 2. XRD patterns of thermally-treated (1300 °C) kaolin 
samples. Legend: M = mullite; Ms* = structurally-modified 
muscovite; I* = structurally-modified illite; C = cristobalite. 
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Thermal analysis 
Thermogravimetry (TG) and differential thermal analysis 
(DTA) were performed on the raw kaolins in the view of 
investigating the changes occuring during the thermal 
treatment. A MOM-C type derivatograph was used, and the 
temperature was increased up to 1100 °C. An amount of 200 
mg of each sample was measured after drying at 105 °C for 2 
hours. a-Al203 was used as reference material. The DTA and 
respectively TG curves of the studied samples are presented 
in Fig. 3 and Fig. 4. 
The main reactions that occurred during the thermal 
treatment and which were evidenced by the DTA and TG 
curves are presented in Table 2. 
The interpretation of the observed thermal effects (Todor 
1976) is as follows: at around 100 °C, all the samples show a 
weak endothermic reaction accompanied by weight loss as a 
result of the desorption and dehydration (removal of pore 
water and water adsorbed in the interlayer of the poorly-
crystallized clay minerals, i.e. illite/smectite); only in the 
case of sample Har, an exothermic reaction occurred around 
440 °C accompanied by a minor weigh loss, which is 
assigned to the oxidation of pyrite and the burnout of organic 
matter; between 560 - 595 °C a major endothermic effect was 
recorded, mainly due to dehydroxilation of kaolinite. 
Kaolinite was transformed into metakaolinite, following the 
chemical reaction: 
Al 2 Si 2 0 5 (0H) 4 • Al2Si205(C>H)x02.x + (2-x/2)H 2 0 
where x = number of residual hydroxyl groups in the 
metakaolinite. 
The dehydroxilation temperatures vary in each kaolin type, 
according to the particle size, amount of kaolinite and 
crystallinity. The BO kaolinite has a lower dehydroxilation 
temperature as compared to KDH and Z kaolins, as a 
consequence of its relatively reduced crystallinity degree and 
smaller particle sizes. The Har "kaolin" contains a smaller 
amount of kaolinite, this leading to a smaller and broader 
endothermal peak. In the same time, because of the significant 
amount of illite/smectite, dehydroxilation is in this case a 
gradual process taking place in the 400 - 900 °C temperature 
interval, that is accompanied by a continuous weight loss. 
At about 990 - 1000 °C an exothermic reaction was 
recorded in all the samples, as a consequence of the debut of 
mullite formation process. The peak maximum and 
temperature interval for mullite formation show maximum 
values in the case of the Har "kaolinite", characterised by 
dominant illite/smectite and subordinate kaolinite. 
The microstructure ceramics 
Based on the analytical results obtained for the chemistry, 
and on the technological characteristics inferred from the 
specific mineralogical compositions, the four kaolin types 
were mixed in a suitable ratio for obtaining an optimum 
formulae for electric porcelain. The mixture contained 
besides kaolin (57 %), feldspar (25 %) and quartz (silica-rich 
sand) (18 %). The raw materials mixture was ground in a ball 
mill, then dried by atomisation thus a .powder with the 
optimal grain size for semi-wet pressing was obtained. The 
samples were formed by pressing into metallic dies. The 
thermal treatment was performed in a furnace, at 
temperatures up to 1300 °C. 
D i f f e r e n t i a l T h e r m a l A n a l y s e s of K a o l i n s 
S 
• • • V i ' 
- - lb 
V-
Fig. 3. DTA curves of the studied kaolins. 
Fig. 4. TG curves of the studied kaolins. 
Table 2. Thermal reactions in the studied kaolins. 
Peak Z KDH BO Har 
Peak min. 
AT C O 
ATG (mg) 
DTA min 
101.52 105.27 92.09 112.69 
102.59 89.4262 108.16 137.24 
-1.712 -0.861 -0.923 -4.183 
-0.240 -0.143 -0.116 -0.560 
Peak max. 
AT C O 
ATG (mg) 
DTA max 
/ / / 443.38 
/ / / 33.3116 
/ . / / -0.49 
/ / / 0.231 
Peak min. 
AT C O 
ATG (mg) 
DTA min 
593.17 592.53 580.41 563.58 
153.14 180.0663 144.9 110.1546 
-22.23 -20.6042 -15.89 -4.90 





989.29 996.55 996.18 1000.99 
55.876 64.9418 50.74 85.7069 
\ \ \ \ 
0.852 0.802 0.747 0.6433 
Legend: Peak min./max. - the temperature corresponding to 
the minimum/maximum effect (°C); AT - temperature 
interval in which the effect takes place (°C); ATG - weight 
loss within the corresponding temperature interval (mg); 
DTA min, max - enthalpy changes corresponding to the peak 
reaction. 
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Fig. 5. Microstructure of the ceramics (1300 °C) (N11, 
0.125mm bar). 
The microstructure of the obtained ceramics was 
investigated by optical microscopy in thin sections, under 
plane polarised light by using a Zeiss-type polarising 
microscope (Fig. 5), as well as by scanning electron 
microscopy, SEM (Fig. 6 and Fig. 7) on a Jeol unit. Fig. 5 
shows the presence of cracks elongated along the direction of 
pressing, and the stratified texture of the apparently 
homogeneous fine clayey material. 
Irregular pores resulted from the decomposition of some 
minerals or from the burnout of organic matter used as 
forming lubricant are also noticeable. The quartz grains that 
were not melted are ubiquitous in the material. 
The microstructure of thermally treated samples (before 
and after HF etching) is illustrated in Fig. 6 (single firing, 
900 °C) and Fig. 7 (double firing, 1300 °C); the formation of 
secondary mullite is thus evidenced. Fig. 6 shows the 
presence of residual quartz and feldspar grains, as well as 
clay minerals' crystallites undergoing transformation into 
primary mullite. 
Fig. 7A illustrates thermally treated ceramics fired at 
1300 °C. A large amount of vitreous phase embeds the quartz 
Fig. 6. Microstructure of ceramics fired at 900 °C (SEM, 
fractured surface, gold coating): quartz (Q), feldspar (Fs), 
clay minerals undergoing transformations (MK). 
grains and the fissures that do not close even under thermal 
treatment at higher temperatures. 
Fig. 7B shows the same sample after surface polishing 
and graphite coating (sample prepared for the EDS 
investigation). Besides pores and quartz grains, secondary 
acicular mullite crystallized from the melt is noticeable. 
Chemistry of the vitreous phase in ceramics 
The bulk composition of the ceramic body was 
determined by classical (wet chemistry) method as follows: 
Si02 68.45 %; A1203 25.69 %; Fe203 0.53 %; CaO 1 %; Na20 
2.02%; K20 1.70%. 
The distribution of oxides within the vitreous phase was 
investigated by energy dispersive X-ray spectroscopy (EDS) on 
a Jeol JXA - 8600 SUPERPROBE-type unit on polished-
surface samples (accelerating voltage 15 kV, probe current 20 
nA, measuring time 40 s). Even if the recommended beam 
diameter for point analysis on Na-containing samples is 100 |im 
Satellite «Tescan DATE: 11/27/03 SO | im 
M, fractured surface, gold coating). (B) SEM image after HF 
grains embedded in the vitreous phase. 
HV: 25.0 kV DET: BS Detector 
Satellite ©Teican DATE: 11/27/03 
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(Taylor and Brown 1979), due to the short distance between 
the crystalline grains, our investigation was performed by 
using 1 micron spot size and a depth of penetration of 2-3 
microns. The vitreous phase between the grains was 
evidenced by the means of SEI imaging. Data were collected 
along two profiles in the ceramic mass (12 locations/profile, 
at about 10 microns each); in each location three 
neighbouring spots were measured, the average value was 
calculated and plotted in Fig. 8 and Fig. 9. The average values 
obtained along the two profiles are presented in Table 3. 
Chemically there is no major difference between the two 
studied profiles, both areas showing a composition similar to 
that of the bulk ceramics. Fig. 8 illustrates the Si02 and A1203 
concentration patterns from the border (1) to the core (12) of 
the ceramic body in both investigated profiles. 
The plot indicates a general, very slight trend of Si02 
decrease from the border to the core, negatively correlated to 
the A1203 trend. This may be explained by the aggregation of 
quartz towards the external parts of the sample during pressing 
and its subsequent dissolution by the feldspar melt. Fig. 9A, B 
show the alkaline oxides (Na20 and K20), and FeO patterns in 
the two profiles, from the border (1) to the core (12). 
A heterogeneous distribution of the alkaline oxides and 
FeO within the ceramic vitreous phase is noticeable. In both 
profiles, K20 concentration slightly decreases from the border 
to the core; Na20 is almost constant along profile I and slightly 
increases along profile II, but the starting values are lower in 
the latter case. FeO content varies within the same limits, but 
opposite trends are noticeable in the two data sets. 
13 
• Si02 A A1203 • Si02 I I 
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Fig. 8. Si02 and A1203 distribution in the vitreous phase of 
the ceramic body. 
Table 3. Chemical composition of the ceramic vitreous phase 
Profile wt% Si02 A1203 Na20 K20 FeO* I 
j av. comp, 
st. dev. 
64.65 32.91 0.52 0.98 0.55 
2.74 2.77 0.25 0.15 0.15 
99.98 
^ av. comp, 
st. dev. 
64.05 33.26 0.44 1.07 0.64 
2.64 2.78 0.19 0.10 0.13 
100 
Legend: av. comp.=average composition, st. dev.=standard 
deviation. 
* = total Fe expressed as FeO 
¡•Ha20 K K2Q fFaO —Linear (K2Q) —Linear (Na2Q)—Linear (FeO)| 
nr. of points 
Fig. 9. (A) Na20, K20 and FeO distribution along profile I. (B) Na20, K20 and FeO distribution along profile II. 
CONCLUSIONS 
Obtaining high-quality ceramics, with optimal 
characteristics for components in electrical devices involves 
the usage of the suitable formulae of raw materials with well-
defined chemical and mineralogical compositions that are 
stable in time and show a good behaviour under pre-
established technological parameters. 
High A1203 and low Fe203 contents of the clay minerals 
are recommended in order to avoid occurrence of defects 
(fissures and black Fe-spots). Well-crystallized as the main 
component of kaolins positively influences the formation of 
mullite and other properties of the ceramics. Taking these 
into account, among the studied kaolins, the most 
recommendable types are Z, KDH and to a lesser extent, BO 
kaolins. 
The thermal treatment of these kaolins at 1300 °C led to 
the formation of mullite and cristobalite. In the Har "kaolin" 
interstratified illite/smectite is the main component, which 
shows a continuous weight loss up to 1000 °C, as indicated 
by the thermal analysis. This involves a high contraction trend 
and, as a consequence, the high probability of occurrence of 
fissures. The thermal analysis evidenced the exothermic 
reaction (~ 440 °C) of pyrite associated with organic matter in 
kaolins. The corresponding peak (560 - 590 °C) and interval 
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of the dehydroxilation temperature (110 - 180 °C) provide 
information on the kaolinite amount, particle size and 
crystallinity. 
Optical microscopy evidences the defects in the final 
products, mainly the occurrence of fissures related to the 
small grain size of the raw material mixture used for 
pressing, and to the relatively large amount of illite/smectite-
rich clay. 
Scanning electron microscopy (SEM) illustrates the 
crystalline and vitreous phases formed after single and 
double firing respectively. The primary mullite, resulted from 
the transformation of clay minerals is scarcely present after a 
single firing, at 900 °C, when most of the feldspar grains did 
not melt. The secondary, acicular mullite crystallizes from 
the feldspar-rich melt and sometimes preserves the shape of 
the feldspar original grain. The fissures occurring at the first 
firing do not close after the second firing, at higher 
temperatures. 
The chemical study (by EDS) of the vitreous phase 
demonstrates its heterogeneity in the ceramic body, as 
concerns the major oxides. Si02 tends to decrease from the 
border to the core, in correlation with the increase of the A1203 
content; the alkaline oxides and FeO show much 
heterogeneous distribution patterns, but within a narrow range. 
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ABSTRACT 
During the geological mapping of the northern foreland of the Biikk Mountains red clay occurrences were identified by the Department of 
Mineralogy and Geology, University of Debrecen. Red clays are underlain by Triassic limestone and Miocene, mainly Sarmatian siliciclastic 
sediments containing tuffaceous bentonites. Based on the sedimentological (grain-size distribution), mineralogical (micromineralogy, X-ray 
diffraction, thermal analysis) and major element geochemical (ICP-OES) examinations, it can be established that the studied red clays belong 
to the less weathered, so-called „reddish clay" type. Montmorillonite prevails among clay minerals, while kaolinite is subordinate. 
Considering the strong sedimentological and mineralogical similarity with the underlying Miocene sediments, the red clays were probably 
originated by the weathering of the Miocene sediments under a moderately warm and dry climate. Taking lithostratigraphic features into 
account, the examined red clays can be classified as members of the Pliocene-Pleistocene Tengelic or Kerecsend Red Clay Formation. 
Key words: red clay, Biikk Mountains, Pliocene, Pleistocene 
INTRODUCTION 
The Department of Mineralogy and Geology in the 
University of Debrecen has been carrying out the geological 
mapping of the hilly northern foreland of the Biikk 
Mountains (Northern Hungary) at a scale of 1:10000. In the 
course of the field surveys we have identified several patch-
like red clay occurrences in the surrounding of Miskolc (Fig. 
1). Their thickness and extension are significantly smaller 
than that of the Southern Transdanubian red clays therefore it 
has not been observed in detail yet. 
The examined clays are brownish red and reddish brown 
(according to the Munsell Colour System: 2,5YR3/6, 
5,0YR3/6, 5,0YR4/4), based on grain-size distribution they 
are clayey silts and silts with the mixing of various quantity 
of fine sand. 
The red clays are underlain by karrened Triassic 
limestone (Bükkfennsík Limestone Formation) and 
Sarmatian siliciclastic sediments (Sajóvölgy Formation) the 
latter involving acidic tuffs and tuffaceous bentonite beds. 
They can be found at elevations between 190 and 350 m. 
Due to the mixing with colluvium and partly to their re-
accumulation, it is difficult to explain their genesis. 
Possible source material might be the Jurassic iron rich 
pelagic sediments and the insoluble residue of Triassic 
limestones, however, also the reddening of Pannonian and 
Miocene sandy-clayey sediments, rhyolitic tuffs, tuffites 
and aeolian loesses seems to be probable. 
The aims of our examinations concerning the less-known 
red clays are the following: 
-sedimentological, mineralogical and geochemical charac-
terization, 
-determination of the degree of weathering, 
-comparison the red clays of karstic limestone areas with 
red clays of their hilly Miocene foreland and clearing their 
relationship, 
-comparison of the red clays with other Hungarian 
occurrences in order to evaluate their age, 
- determination of the source material of red clays. 
RESEARCH HISTORY 
The red clay occurrences of Bükk Mts. characterised by 
some 10000 m2 extension and by 0,5-10 m thickness had 
remained hidden before as geological investigations 
concentrated mostly on the Mesozoic basement and Miocene 
sediments neglecting the young formations. Moreover, 
publications mostly refer to the red clays found in the Central 
Bükk Mountains and not in its forelands. 
Firstly Kerekes (1936) mentioned them supposing that 
the yellowish and reddish loam-like formations of the Bükk 
Mountains are originated from eolian material. Jámbor 
(1959) examining sink hole fillings near the Istállós-kő 
identified „yellow loess without lime" underlain by „red 
clayey loess without lime" then „red clay containing tuff 
quartz" deposited directly on the limestone. He supposed that 
the latter, containing idiomorphic dihexagonal quartz, 
ilmenite, zirkon, tourmaline and amphibole in the fraction 
coarser than 0,1 mm, derived from the rhyolite tuff, tuffite 
and sand occurring on the Great Plateau of the Bükk Mts. 
Comparing with cave fillings, he classified them as Rissian-
Würmian. He stated that the red clays are not terra-rossa 
types. 
The monograph of the Bükk Mountains edited by Balogh 
(1964), only shortly touch upon the post-Pannonian terrestrial 
formations of the Bükk Mountains like multiply transported 
and weathered rhyolite tuffs and yellow loess-like silts blown 
out from rhyolite tuff and accumulated in sink holes. 
In the course of the 1:25000 scale geological mapping of 
the Bükk Mountains Pelikán (1992) described doline filling 
red clays in the surroundings of Répáshuta, Bükkszentkereszt 
and the Őr-kő. These contain dominantly kaolinite, 
subordinately illite and smectite as clay minerals. The author 
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Explanation: 
| | Alluvium (Q) 
• I R E D CLAJ' (PL-Q) 
i | Kozárd Fonnation (MPa) 
^ ^ ^ Sajóvölgy Formation (Mb-Pa) 
Galgavolgy Rhyolite Tuff F. (Ms) 
bAAl Baden Clay F. (Mb) 
L_-;-J Salgotaijan Lignite F. (Mok) 
Gyulakeszi Rhyolite Tuff F. (Mo) 
|l , l I Paleo-MesozoicandPaleogene 
• va-i sampling site 
Q: Quarter, Pl-Q: Pliocene-Quarter, MPa: Miocene Pannonian, Mb-Pa: Miocene Badenien-Pannonian, Ms: Miocene Saimatian, 
Mb: Miocene Badenien, Mok: Miocene Ottnangian-Kaipatian, Mo: Miocene Ottnangian 
Fig. 1. Geological map of the hilly surrounding of Miskolc showing the red clay 
occurrences. 
records similar sediments in limestone 
fissures. According to his verbal 
communication, the red clays are 
probably derived from the weathering 
of rhyolite tuffs which is proved by 
ilmenite and quartz crystals with sharp 
edges in the coarse fraction. On the 
basis of shallow drillings the most 
frequent covering sediment of the 
Bükk is a loess-like clayey-sandy silt, 
containing predominantly illite as clay 
mineral. 
Red clay fillings including bone 
fossils have been described in several 
places in the caves of the Bükk 
Mountains (Hajnóczy cave, Köves-
Várad, Horvát-lik, Diósgyőr-Tapolca 
cave etc). The oldest vertebrate fossils 
are 700 thousand years old (Kordos 
2002), however they mark only the age 
of the accumulation, while the red 
clays can be significantly older. In the 
Hajnóczy cave red clays comprise illite 
as the most important clay mineral (29-
34 %), montmorillonite (0-14 %) and 
kaolinite (0-16 %) are subordinate. In 
the Horváth-lik, near Uppony, where 
fossils from the RissAVürm interglacial 
were identified (Füköh and Kordos 
1977, 1978), two types of clays occur, 
the lower one contains kaolinite and 
illite in nearly equal amounts, while the 
upper one is characterised by smectite, 
illite/smectite and illite association. 
The mineral composition of the former 
one resembles the kaolinitic weathering 
crusts of Upper Eocene and Lower 
Miocene formations (Kozákét al. 1998), 
while the latter is probably derived from 
some of the Miocene tuff layers of the 
Borsod Basin (Viczián 2002). 
The construction geological 
drillings of Miskolc explored usually 
1-5, maximum 10 m thick red and 
reddish brown clay, frequently mixed 
with limestone debris, however, 
unfortunately, no information was 
published on their areal extension, 
genetic and stratigraphic relations 
(Juhász 1979). 
Significant red clay occurrences, 
presumably derived by the weathering 
of volcanic rocks and aeolian material, 
can be found in the southern foothills 
of the Bükk and Mátra Mountains 
(Kerecsend Red Clay Formation) 
covering Pannonian lignite containing 
sequences (Császár 1997). In recent 
years the formation was investigated in 
detail including provenance. On the 
basis of mineralogical examinations the 
authors proposed that the smectite-rich 
red clays are derived from the older 
smectite vertisol blanket of the volcanic 
rocks of the Mátra Mountains 
(Berényi-Üveges et al. 2002,2003). 
The mineralogical composition, 
paleogeographical features and the 
geomorphological situation of red clays 
were examined by Schweitzer (1993) 
and Schweitzer and Szoor (1997). 
Investigating several occurrences all 
around the country, they differentiated 
two groups on the basis of thermal 
analysis and geochemical aspects, the 
„typical red clays" of older Pliocene 
age containing disordered kaolinite and 
the smectite-rich „reddish clay" of 
younger Pliocene and Old to Middle 
Pleistocene age. 
Owed to their extent, thickness and 
fossil content the most well-known red 
clays of Hungary can be found in 
southern Transdanubia (Tengelic Red 
Clay Formation). They have been 
recently investigated in detail by 
Koloszar and Marsi (1997). 
In the last years Fekete and his 
colleagues have published several 
studies about Hungarian red clay 
localities (Fekete et al. 1997, Fekete 
and Stefanovits 2002, Fekete 2002) 
examining 61 soil profiles all over the 
country. They divided red clays into 
six groups based on detailed analysis 
(grain size distribution, X-ray 
diffraction, thermal analysis and main 
element concentrations), genesis and 
geographical situation 
M A T E R I A L S AND M E T H O D S 
During the geological mapping of 
the northern and eastern foreland of the 
Biikk Mountains we identified the 
setting and red clay occurrences of the 
area. Red clay samples were taken of 
the Mesozoic karstic and Miocene 
foothill areas. Special care was taken 
collecting autochtonous formations. 
The samples were collected from 
surface outcrops and from the upper 
6,6 m interval of the SZPKF-8 
bentonite exploration drilling (Fig. 1). 
To compare clays covering 
Mesozoic and Miocene surfaces we 
pointed out two profiles: the artificial 
outcrop in Komlosteto and the SZPKF-
8 bentonite exploration drilling (Kozak 
et al. 2003). To detect their provenance 
we collected samples from the 
underlying formations (Mesozoic 
limestone, Saimatian silt, respectively), 
from the potential source rocks of the 
area (Sarmatian tuffaceous bentonite, 
typical loess), from the weathering 
crust of some Mesozoic sedimentary 
rocks containing high amount of iron, 
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like the Csipkéstető Radiolarite Formation (Csipkés hill) and 
Berva Limestone Formation (Cserépfalu, Hór valley) 
containing 23,11 and 10,66 % iron. 
All the samples were analysed by traditional sieving and 
Pappfalvi hydrometring method to characterise the grain-size 
distribution of the sediments. Statistical grain-size parameters 
were calculated by the methods presented by Gyuricza et al. 
(1999). The fraction above 0,08 mm was examined on 100 
grains per samples by optical microscope determining the 
characteristic mineral components. The orientating quick 
analysis was only prepared for the light minerals in 
consideration of the high amount of igneous quartz to confirm 
and complement the information gained by XRD analysis. 
The powdered material was analysed by XRD and thermal 
analysis methods in order to recognise the clay mineral 
content. X-ray diffraction analyses were carried out on a 
Philips PW 1730 diffractometer under the following 
conditions: Cu anti-cathode, 40 kV and 30 mA tube current, 
graphite monochromator, goniometer speed 2 °/minute. The 
more detailed research of the clay minerals was performed on 
the <5 pm clay mineral fraction separated by Atterberg 
cylinders. From the separated clay-mineral fraction oriented 
preparations were made and these were investigated by XRD 
in an untreated state, treated with ethylene-glycol (60 °C/9 
hours), and heated (490 °C/4 hours). Semi-quantitative results 
were made by the methods of Hardy and Tucker (1988) and 
other authors, which are particularly useful for comparative 
purposes. In these methods the intensities of the individual 
clay components are measured on an oriented mount, after 
various treatments (air dried, glycol solvated and heated to 
490°C) and the sum is normalized to 100%. Results were 
compared with quantitative data obtained by thermal analysis. 
The thermal analyses were completed by Derivatograph 
PC, simultaneous TG, DTG, DTA recording, in a ceramic or 
corundum crucible, with a heating speed of 10 °C/minute up 
to 1000 °C and with A1203 as inert material. Both the XRD 
and the thermal analytical examinations were made in the 
laboratories of the Hungarian Geological Institute. 
In order to determine the major elements the powdered 
samples were mixed with double quantity of lithium-
metaborate. Then this treated sample was dissolved in 0,2 
mol/dm3 HC1. The element content was determined by ICP-
OES. The determination of Si was made gravimetrically; the 
samples were heated with HF when Si evaporated as SiF4. 
The total iron content was determined by spectrophotometry 
as well. Sample preparation, gravimetric and 
spectrophotometric measurements were carried out in the 
Department of Minrealogy and Geology while ICP-OES 
analysis were performed in the Regional Analytical Centre of 
the Agricultural Centre (Debrecen Universtiy). 
For the better genetic interpretation of the results 
obtained, we used numerous works publishing the results of 
similar analysis on other Hungarian red clay localities 
(Fekete and Stefanovits 2002, Fekete 2002, Kovács 2004). 
RESULTS AND DISCUSSION 
Grain-size distribution 
According to the Bárdossy's scale (1961) the examined 
materials are clayey silts, silts, sometimes sandy clayey silts. 
The percentage distribution of grain size fractions and the 
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Fig. 2. Comparing red clays with the underlying Sarmatian 
sediments based on the avarage and the standard deviation of 
grain size distribution. Source of data: red clays, this study; 









i red clays (karst) 
• red clays (non-karst) 
• Palaesol (Paks) 
o loess (Paks) 
x Sarmatian silts 
20 30 40 
<0,004 mm(%) 
50 60 
Fig. 3. Comparision of the fine fractions of red clays with 
loesses, paleosols (Paks) and Sarmatian silts based on the 
amounts of the <0.004 and 0,02-0,06 mm fractions. Source 
of data: red clays, this study; palaesols, Pécsi et al. 2002; 
Sarmatian sediments: Kozák et al. 2003. 
The analysed red clay samples show characteristic 
bimodal distribution. The first mode is in the clay fraction 
(<0,002 mm: 13-28 %), the second is between 0,013 and 
0,035 mm presenting some variability among the samples. 
The standard deviation is between 2,09 and 2,67 so they are 
weakly sorted, the skewness is slightly positive (0,21-0,39) 
and the kurtosis is approximately normal (0,80-1,14). 
The grain size distribution of red clays of the karst and 
Miocene areas are basically similar, although the former ones 
contain 5-10 % more clay fraction and their second mode is 
finer (0,016 mm). 
The standard deviation - average diagram (Fig. 2) 
presents that the grain size distribution of red clays is largely 
similar to that of the underlying Sarmatian shallow marine 
silts and the covering colluvium. 
From the aspect of judgement of aeolian sediments as 
source material, the rate of the so-called loess fraction (0,02-
0,06 mm) is very important. In the Paks loess profile the 
palaeosols derived from loess preserve their loess fraction 
(Pécsi et al. 2002), which is usually 30-50 % in the case of 
every loess derived paleosol. In Fig. 3 it can be seen that the 
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deviation Skewness Kurtosis 
Drilling on Miocene surface 
0,8-1,0 m 19 6 12 17 17 18 8 3 0 5.608 2.385 0.278 0.977 
1,6-1,8 m 18 11 11 16 17 19 7 1 0 5.572 2.277 0.387 1.143 
• Sajókeresztúr, Upper cellars 











































5,4-5,6 m 13 5 10 17 18 25 9 2 1 5.318 2.086 0.293 1.088 
6,6-6,8 m* 5.664 2,613 0,257 0,803 
Outcrops, pits on Miocene surface 
Sajókápolna (southern border) Va-4 1,0 m 15 7 7 12 15 16 18 9 1 4.533 2.668 0.304 0.902 
Miskolc Bábonyi-bérc Va-3 1,45-1,6 m 26 10 10 10 15 19 9 1 0 5.587 2.44 0.298 0.893 
Miskolc Pereces cellars Pe-Da-7-7 2,5 m 20 8 12 16 19 15 8 2 0 5.621 2.391 0.271 0.974 
Diósgyőr (Mária street) Va-7 1,0 m 13 5 6 12 13 13 12 10 16** 2.953 3.177 0.038 1.139 
Diósgyőr cemetery(pit) Va-8 2,0 m 18 8 18 14 17 17 5 2 1 5.815 2.208 0.286 1.055 
Miskolc South Avas (pit) Va-6 2,0 m 17 10 10 17 22 12 8 3 1 5.456 2.367 0.225 1.098 
Karstified limestone surface 
Komlóstető (doline) Va-1 1,8 m 9 3 9 18 14 13 7 4 23** 0.682 3.705 -0.311 1.286 
Va-2 0,15-0,2 m 27 9 14 13 21 13 3 0 0 6.144 2.441 0.268 0.83 
Komlóstető karren surface 
Va-2 0,5-0,6 m 28 10 15 19 13 10 5 0 0 6.232 2.498 0.209 0.844 
20 14 0 0 2.523 0.825 Va-2 0,9-1,0 m 28 10 13 11 4 6.211 0.271 
Va-2 1,3-1,4 m 12 6 9 6 9 10 11 11 26** 1.591 3.788 0.086 1.042 
* underlying silt 
**admixture of fragments of the underlying rock 
Table 2. Mineral composition of red clays (bulk sample) in %, X-ray diffraction analysis. 
Sampling sites 
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X 
Drilling on Miocene surface 
0,0-1,0 m 18 5 9 0 3 0 55 5 8 4 0 2 0 0 0 0,7 0,26 
1,6-1,8 m 17 4 9 0 0 2 56 3 9 5 0 2 0 2 0 0,82 0,53 
Sajokeresztur, Upper cellars 1,8-2,0 m 17 5 8 0 2 0 57 4 10 4 2 0 0 1 0 0,43 0,3 
SZPKF8 bentonite drilling 2,4-2,6 m 18 4 9 0 3 0 51 5 11 5 2 1 0 0 0 0,54 0,54 
(red clays) 3,4-3,6 m 19 5 9 0 0 2 58 4 7 5 0 2 0 0 0 0,66 0,51 
4,4-4,6 m 20 4 4 0 0 2 63 3 6 6 2 0 0 0 0 1,0 0,86 
5,4-5,6 m 19 6 9 0 0 2 57 3 7 5 0 0 0 0 0 1,37 0,47 
SZPKF8 drilling (underlying 6,6-6,8 m 20 6 10 0 0 4 51 4 9 6 2 0 0 0 0 1,11 0,71 








Q) 3 •c 
3 Q. 
Outcrops, pits on Miocene surface 
Sajókápolna (southern border) Va-4 1,0 m 21 0 5 0 0 3 57 2 5 5 2 1 0 0 0 1,04 0,36 
CO 
Miskolc Bábonyi-bérc Va-3 1,45-1,6 m 26 0 5 0 0 3 51 2 5 0 1 1 0 0 6 0,95 0,58 o" 
Miskolc Pereces cellars Pe-Da-7-7 2,5 m 23 0 4 0 3 0 54 1 6 6 2 0 0 0 0 1,17 0,56 § 
Diósgyőr (Mária street) Va-7 1,0 m* 13 0 5 0 2 0 70 1 3 3 2 1 0 0 0 1,04 0,46 £ 
Diósgyőr cemetery (pit) Va-8 2,0 m 27 4 6 0 0 3 43 1 6 5 2 1 0 0 0 1,04 0,28 I c 
Miskolc SoutlAvas (pit) Va-6 2,0 m 20 0 4 0 3 0 58 2 5 3 2 1 0 0 0 0,7 0,52 <o 
Karstified limestone surface a 
Komlóstető (doline) Va-1 1,8 m* 12 3 7 0 0 4 46 2 3 4 2 1 16 0 0 0,9 0,3 
Komlóstető (doline) Va-1 Fe cemented concretion 0 4 0 0 0 0 66 2 4 7 4 10 3 0 0 - -
Va-2 0,15-0,2 m 16 6 10 0 3 0 48 1 4 6 4 0 1 0 0 0,41 0,65 
Komlóstető karren surface Va-2 0,5-0,6 m 
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Va-2 1,3-1,4 m* 4 2 4 0 14 0 7 1 0 3 3 0 62 0 0 0,74 0,43 
Made by Kovâcs-Pâlffy, P., Geological Institute of Hungary, XRD laboratory 
* admixture of rock fragments of the underlying rock 
20 László Vincze et al. 
red clays and loesses are different from each other in a 
diagram illustrating 0,02-0,06 mm fraction and the fraction 
below 0,004 mm. The amount of the 0,02-0,06 mm fraction 
of red clay is significantly lower than that of the loesses and 
loess derived paleosols at Paks. As compared with the 
Sarmatian silts, the slightly higher amount of the 0,02-0,06 
mm fraction in the red clays can be explained by the re-
working of Karpatian and Sarmatian nearshore (firstly lower 
shoreface facies) sediments, the grain size distribution of 
which is very similar to that of the loess (Csiga-hill profile, 
Nagybarca, David et al. 2005). Based on these 
considerations, the aeolian origin of red clays does not seem 
to be probable or it cannot be prevailing. 
Micromineralogical analysis 
The amounts of the grains above 0,08 mm are 2-5 % in 
the case of the samples which do not contain fragments of 
the underlying rocks. The most frequent mineral of the 
coarse fraction is igneous quartz (50-80 %), which is a 
variably rounded and weathered material, underwent mostly 
longer transportation. Rarely broken fragments of fresh, 
finely crystallized dihexagonal quartz can be found as well. 
They are more frequent, but still subordinate in the karstic 
localities. The latter observation proves the admixture of 
acidic tuffs. Among smaller grains some feldspar fragments 
were also found. 
Rounded Paleo-Mesozoic quartzites, siliceous slates and 
quartz referring longer transportation are less frequent (0-15 
%). Their varieties are missing from the red clays of karst 
areas, instead of them limestone and calcite fragments occur. 
Limonite and hematite concretions are very frequent (5-
50 %) in all of the samples. 
It is remarkable that mainly tuff origin quartz was 
described on the Great Plateau which was not covered by 
Late Miocene sediments (Jámbor 1959 and Pelikán 1992). 
Consequently in the coarse fraction of red clays lying on the 
uplifted plateau of the Bükk Mountains (at elevation 800-900 
m) tuff quartz is more frequent, while in the Miocene 
foreland (at elevation 190-350 m) it is very rare. Komlóstető 
(250 m), locating at the margin of the Bükk Mts., is about the 
transition containing more tuff quartz. It suggests that the 
source material of Bükk red clays is rhyolite tuff and tuffite, 
while on the Miocene surface the source materials are rather 
Miocene tuffaceous siliciclastic sediments. 
X-ray diffraction 
The results of the XRD analysis of 19 powdered bulk 
samples (Table 2) show that except of phyllosilicates the 
most frequent mineral of red clays is quartz (43-63 %) while 
plagioclase feldspar (3-11 %) and K-feldspar (1-5 %) are 
typical. The systematic presence of the amorphous material 
is significant (4-6 %). Among clay minerals montmorillonite 
prevails (16-27 %), illite (4-10 %) is subordinate, while 
kaolinite (0-6 %) and chlorite (0-3 %) is accessorial. The 
high proportion of quartz, montmorillonite, feldspars and 
amorphous material together with micromineralogical data 
reflect tuffaceous origin. High amount of quartz may be 
derived from Miocene shallow marine sands and silts. 
The mineral composition of red clays of the Mesozoic 
karst and the Miocene area do not differ from each other 
Table 3. Clay mineral composition of red clays (<5 pm) in %, X-ray diffraction analysis. 
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Drilling on Miocene surface 
Sajókeresztúr, Upper cellars 0,8-1,0 m 38 5 28 16 13 1,52 1,32 0,43 
SZPKF-8 bentonite drilling 2,4-2,6 m 46 4 29 12 9 1,36 1,24 0,55 
(red clays) 4,4-4,6 m - 66 3 14 10 7 1,48 1,48 0,65 
SZPKF-8 drilling (underlying 6,6-6,8 m 41 4 27 15 13 1,84 1,4 0,51 
Sarmatian sediments) 10,6-10,8 m 66 2 22 6 4 1,52 1,08 0,92 
Sajókápolna (southern border) Va-4 1,0 m 58 3 23 8 8 1,44 1,20 0,55 
Miskolc Bábonyi-bérc Va-3 1,45-1,6 m 58 3 17 12 10 1,64 1,52 0,61 
Miskolc Pereces cellars Pe-Da-7-7 2,5 m 59 3 13 15 10 1,56 1,64 0,60 
Diósgyőr (Mária street) Va-7 1,0 m* 18 6 61 8 7 0,60 1,08 0,49 
Diósgyőr cemetery (pit) Va-8 2,0 m 41 5 27 16 11 1,56 1,56 0,49 
Miskolc South Avas (pit) Va-6 2,0 m 43 5 26 14 12 1,52 1,52 0,47 
Karstified limestone surfaces 
Komlosteto (doline) Va-1 1,8 m* 20 12 5 32 16 15 1,16 1,36 0,00 
Va-2 0,15-0,2 m 11 5 40 24 20 0,61' 0,71 0,00 
Komlosteto karren surface Va-2 0,5-0,6 m 7 6 46 22 19 1,1 0,31 0,00 Va-2 0,9-1,0 m 21 9 4 14 33 19 1,40 1,08 0,18 
Va-2 1,3-1,4 m* 6 6 88 1,56 1,12 0,58 
Weathering crusts of iron-rich Hór valley 1 1 90 2 1 
Jurassic rocks Csipkés hill 55 2 17 14 12 1,04 1,56 0,84 
Made by Kovâcs-Pâlffy, P.,Geological Institute of Hungary, XRD laboratory 
* admixture of rock fragments of the underlying rock ** treated with ethyleneglycol 
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according to the examination of bulk samples taken. 
However, regarding the fine fraction (< 5 pm) there are 
significant differences between the red clays covering the 
karstified basement and its Miocene foreland (Table 3). In 
the samples taken of karst basement the montmorillonite 
content is lower while kaolinite, chlorite and illite contents 
are higher. The difference points to the mixing of older 
subtropical weathering crusts developed on the surface of the 
limestone. The higher proportion of kaolinite prove more 
advanced weathering during the development of the 
weathering crust. 
On the basis of the high proportion of montmorillonite, 
feldspars and of amorphous material, the red and reddish 
brown clays in the surrounding of Miskolc are probably 
derived from the Sarmatian shallow marine siliciclastic 
sequence containing bentonites and volcanoclasts with acid 
and neutral composition. The width at half height of 001 
basal reflection of montmorillonite, Hb (001) shows large 
degree of disorder. This points to the possibility of that 
montmorillonite is derived not only from the devitrification 
of tuffaceous material, but also from the further weathering 
during the formation of red clay. The clay mineral content of 
the weathering crust of Jurassic iron containing pelagic rocks 
is very different from that of the red clays, those comprise 90 
% illite (Hor valley sample). 
Studying the vertical changes of clay mineral 
composition and the width of half height (Hb) of 
montmorillonite of the samples collected from the SZPKF-8 
bentonite drilling, it can be seen that the red clays and the 
underlying Sarmatian silts are considerably similar (Fig. 4 
and Fig. 5A). The clay mineral content does not change at 
the bedding plane (6,6 m). Mineralogical change can be 
found at a depth of 9 m, below which muscovite occurs and 
Hb of montmorillonite and illite decreases. Higher values 
and also higher variability of Hb values point to the effect of 
weathering above the 9 m limit in the borehole. Based upon 
the facts mentioned, the close connection between the red 
clays and Sarmatian sediments can be established. 
Studying the section of the depression filling red clay on 
karren limestone surface in Komlóstető it can be seen that 
more or less homogeneous smectite-rich red clay occurs from 
the surface down to 1,2 m and below that yellow clay lies 
including limestone debris. The latter contains a small 
amount of quartz, illlite and montmorillonite, but it is rich in 
kaolinite. The X-ray diffraction patterns of the two types can 
be seen in Fig. 5B. Between these beds there is a sharp 
bedding surface with no mineralogical transition. The high 
kaolinite content of the yellow clay refers to a warmer and 
more humid climate and to stronger weathering. The mineral 
content of it is remarkably similar to that of the red and 
yellow clays interbedding between coarse clastic sediments 
lying on Carboniferous limestone and slate near Lázbérc 
(Uppony Mountains), which is older than the overlying 
sequence, probably Eggenburgian or Ottnangian (Kozák et 
al. 1998). Consequently, at Komlóstető the yellow clay 
mixed with limestone debris is likely to be of Lower 
Miocene age. The overlying red clay according to the above 
mentioned similarities is presumably derived from the 
Miocene siliciclastic sequence containing acid tuffs, which 
formerly had covered certain parts of the Bükk Mountains. 
The red clays, investigated in the centre of the mountains, on 
higher level, contain less quartz and more illite and kaolinite 
(Pelikán 1992, Fekete 2002, Füköh and Kordos 1977, 1978). 
The difference can be explained by the lack of the underlying 
clastic sediments, by stronger weathering and by mixing with 
older weathered material. 













gray silty and 
yellowish gray sand 
Borehole 
Kozák et al., 2003 
Clay minerals and muscovite 
m a s s ( % ) 
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Fig. 4. Clay mineralogical features of the upper part of the SZPKF-8 bentonite drilling including the red clays. 
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Fig. 5. X-ray diffraction patters of (A) the <5 ^m fraction of red clay (SZPKF-8 2,4-2,6 m) and Sarmatian silt (SZPKF-8 7,2-
7,4 m); (B) the <5 |im fraction of red clay (Va-2 0,9-1,0 m) and the underlying yellow clay (Va-2 1,3-1,4 m) at Komlôstetô. 
Comparing the clay mineralogy of red clays in the 
surrounding of Miskolc and in other Hungarian red clay 
localities (Fekete et al. 1997, Fekete and Stefanovits 2002, 
Fekete 2002, Kovács 2004) (Fig. 6) the examined 
formations can be classified as immature weathering crusts 
which can be separated well from the stronger altered red 
clays of the Transdanubian Mountain Range and the 
Northern Borsod Karst, comprising bauxite minerals and 
kaolinite. In the Transdanubian Hills (Tengelic Red Clay 
Formation) and in the pediments of the North Hungarian 
Mountain Range red clays with similar degree of weathering 
and with high smectite contents cover rhyolite tuff, 
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Fig. 6. The clay and bauxite mineral composition of the fine 
fraction of Hungarian red clays (excluding other 
components). Source of data: Miskolc, this study; others: 
Fekete and Stefanovits (2002) and Fekete (2002). 
containing bentonite bearing beds. These are of late Pliocene, 
early and middle Pleistocene age (Viczián 2002). 
The mineral content of the red clays located in the study 
area is remarkably similar to SE Transdanubian Tengelic Red 
Clay Formation investigated in detail in the Udvari-2A and 
Diósberény-1 boreholes (Koloszár 1997, Földvári and 
Kovács-Pálffy 2002). The mineralogical criteria, including 
the high montmorillonite and typically low carbonate 
contents determined by the authors match with almost all of 
our samples which presumes very similar genesis and age. 
There are, however, lower kaolinite and goethite contents in 
the SE Transdanubian occurrences. 
Thermal analysis 
The control thermal analytical examinations carried out 
on some of the samples (SZPKF-8. drilling 0,8-1,0 m, 3,8-
4,0 m, 7,2-7,4 m, 15,4-15,5 m, Va-2 0,9-1,0 m, 1,3-1,4 m, 
Va-6 2,0 m, see Fig. 7.) basically confirmed the results of X-
ray diffraction: the high montmorillonite (mainly of Ca type) 
and lower illite contents. However, conspicuous difference 
appeared in the values of kaolinite contents. Thermal 
analysis detected 9-13 % of kaolinite, while X-ray diffraction 
showed only 0-6 %. The significant difference may be 
explained mainly by different methods of quantitative 
analysis, and also by the presence of disordered kaolinite. 
Disordered kaolinites called „kaolinite without basal 
reflection" or „degraded kaolinite" are mentioned in the 
literature (Bidló 1980), typically in the case of red clays 
deposited on Triassic and Jurassic carbonate formations. 
Based on the analysis, the colour of the red clays is 
caused by the significant amount of goethite, the contents of 
which oscillates between 5 % and 12 %. Goethite contents 
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Fig. 7. DTA, TG and DTG curves of red clays and their potential source materials 
(mm: montmorillonite, k: kaolinite, g: goethite, c: calcite). 
obtained by thermal analysis are 
substantially higher than those obtained 
by XRD (see Table 2) and slightly 
higher than it might be expected on the 
basis of Fe203 values (see Table 4). The 
difference partly can be explained by 
the assumption that a portion of 
goetheite is amorphous or poorly 
cystalline, which cannot be detected on 
the X-ray diagram. The high amounts of 
goethite formed by the weathering of 
various andesitic volcanic products 
(andesitic tuff, flow breccia, placer) 
occurring in the Sarmatian sequence. 
Comparing the analytical results of 
the drilling SZPKF-8, it can be seen 
that the clay mineral contents of red 
clays are basically similar to the 
Sarmatian silts. The only differences 
are the lower kaolinite and goethite 
contents of the latter sample (15,4-15,5 
m), marking reddening. The high 
montmorillonite content of red clays 
was probably inherited from the 
Sarmatian sediments. It is also 
confirmed by the similarity of the low 
temperature section of derivatograms -
among others the dual dehydration of 
Ca-montmorillonite. 
The Sarmatian sediments -
examined in several drilling cores and 
outcrops - usually contain no or only a 
small amount of carbonate. Signs of 
dissolution of calcareous shells 
occurring in some of the layers indicate 
the dominance of carbonate poor facies. 
Nevertheless we could observe some 
well defined carbonate rich strata. The 
significant carbonate content of the 
sample from 15,4-15,5 m (SZPKF-8 
drilling) can be explained by this local 
phenomenon. Comparing the samples 
from Sajóbábony (SZPKF-8 drilling), 
Komlóstető and the Avas hill, 
considerable similarity can be observed 
indicating the same origin. Although 
higher kaolinite and goethite contents 
of samples from the karst area can be 
explained by more intense weathering, 
probably in an earlier period. 
In the central parts of the Bükk 
Mountains red clays with very low 
montmorillonite and high kaolinite 
content (e.g. Berva) and with high 
montmorillonite content can also be found 
(Hollóstető, Szarvaskő, Miskolctapolca). 
According to our opinion the former ones 
might be of Lower Miocene or older 
while the latter ones might be of 
Pliocene-Pleistocene aged. 
According to the opinion of 
Földvári, M. (personal communication) 
the clay mineral content of red clays 
examined in this paper fit best for that 
of the red clays located in volcanic or 
tuffaceous environments (Salgótarján, 
Szurdokpüspöki, Gyöngyöstarján). 
According to the nomenclature of 
Schweitzer and Szöőr (1997), introduced 
mainly on the basis of thermal analytical 
examinations the red clays studied by us 
around Miskolc can be classified as 
„reddish clays". Schweitzer (1993) 
mentioned typical red clays from 
Görömböly-Tapolca (near the karst 
surface of Miskolctapolca). On the other 
hand we found red clays rich in 
montmorillonite with a thickness of 3 m 
in the Avas hill which is probably 
derived from Miocene material. The 
sample from Görömböly-Tapolca shows 
that the older kaolinite rich red clays 
covering Triassic karst surfaces could 
have been transported to the Miocene 
foreland for short distances. 
Major elements 
The results of major element 
analysis can be seen in Table 4. For 
comparison some characteristic results 
of the Tengelic Red Clay Formation 
are presented at the bottom of the table 
(after Kovács 2004). Two indices 
representing the degree of weathering 
are displayed besides the element ratios 
and these refer to the paleoclimate as 
well. 
The major element concentrations 
can be best interpreted when they are 
compared to the values of the widely 
used post Archean Australian Shale 
(PAAS, after Taylor and McLannon 
1985) which reflect the average 
chemical composition of marine fine 
sediments. The PAAS-normalized 
spider diagrams for red clays and 
potential bedrock samples are shown in 
Fig. 8. Compared to the PAAS only 
SÍO2 contents are enriched due to the 
high amount of detrital components, 
however the concentrations of MgO 
and alkalies are significantly lower. It 
can be seen that the major element 
concentrations of red clays show 
moderate dispersion both in Miocene 
and karst areas. Only the MnO contents 
vary significantly the concentrations of 
which, however, are very low. Two 
samples (SZPKF-8/4.4-4.6 m, Va-7) 
differ a little from the others caused by 
the admixture of some detrial 
components. Red clays lying on 
karstified limestone and Sarmatian 
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Table 4. Major element composition and indices showing the grade of weathering of red clays (%). 
Sampling sites S i0 2 T i0 2 A1203 FezOs MnO MgO CaO N ^ O K2O 1 0 . c /-TA* Si02/(AI203 LOI Sum. CIA* + F e 2 ( ) 3 
Drilling on Miocene surface 
0,8 -1,0 m 
„ - , , 2,4-2,6 m 
Sajokeresztur, Upper cellars 
SZPKF-8 bentonite drilling 4,4-4,6 m 
6,6-6,8 m 
10,6-10,8 m 
67,5 0,85 13,1 5,09 0,08 0,97 0,76 0,72 1,46 
67,4 0,85 12,8 4,86 0,08 1,06 0,74 0,86 1,6 
75,1 0,59 8,56 3,63 0,07 0,6 0,51 0,29 0,99 
70,1 0,84 13,6 4,38 0,07 1,04 1,18 0,44 1,6 
74,4 0,85 11,4 3,17 0,04 1,18 1,06 0,84 1,75 
10,3 100,80 82,6 3,71 
8,21 98,56 78,1 3,80 
8,44 98,79 82,0 6,15 
5,55 101,2 79,7 
2,85 100,63 77,7 
Outcrops, pits on Miocene surface 
Sajókápolna (southern border) Va-4 1,0 m 68,1 0,69 11,82 4,64 0,05 0,92 0,77 0,58 1,36 9,49 98,41 79,8 4,14 
Miskolc Bábonyi-bérc Va-3 1,45-1,6 m 60,2 0,88 14,2 5,49 0,1 1,05 0,92 0,69 1,37 11,8 96,47 81,3 3,05 
Miskolc Pereces cellars Pe-Da-7-7 2,5 m 69,5 0,84 12,4 4,74 0,02 0,79 0,60 0,53 1,18 8,26 98,84 84,2 4,05 
Diósgyőr (Maria street) Va-7 1,0 m** 76,0 0,61 9,28 3,70 0,07 0,61 0,54 0,39 0,90 7,07 99,13 84,5 5,86 
Diósgyőr cemetery (pit) Va-8 2,0 m 62,91 0,85 14,61 5,74 0,03 0,93 0,77 0,59 1,01 12,0 99,43 84,6 3,09 
Miskolc South Avas (pit) Va-6 2,0 m 67,8 0,90 12,7 4,72 0,13 0,85 0,83 0,65 1,45 10,1 100,05 82,8 3,90 
Karstified limestone surface 
Va-1 1,8 m** 59,8 0,94 12,3 4,96 0,09 0,87 6,23 0,52 1,37 11,3 98,37 83,6 3,46 
Komlóstető (doline) Fe cemented 81,6 0,99 9,95 3,61 0,09 0,60 0,52 0,74 1,63 0,28 99,95 concretion 
Va-2 0,15-0,2 m 68,6 0,97 13,2 4,92 0,1 0,90 1,31 0,35 1,56 8,65 103,06 77,6 3,79 
Komlóstető karren surface 
Va-2 0,5-0,6 m 70,3 13,3 4,82 0,09 0,87 0,94 0,30 1,5 6,27 101,54 81,6 3,87 
Va-2 0,9-1,0 m 55,9 0,87 16,6 6,73 0,04 0,92 0,86 0,40 1,35 13,4 96,96 87,5 2,40 
Va-2 1,3-1,4 m** 19,1 0,31 9,35 3,16 0,01 0,28 51,7 0,26 1,03 3,75 90,22 1,52 
Comparative samples 
Felsőtárkány (SW Bükk) own sample 52,7 0,37 13,3 6,42 0,15 0,62 2,24 0,12 1,85 15,1 92,86 84,4 2,68 
Szekszárd (SW Transdanubia) Kovács, J. (2004) 62,1 0,94 17,4 6,7 0,05 2,61 0,9 0,7 2,4 5,73 99,53 2,58 
Szulimán (SW Transdanubia) Kovács, J. (2004) 55,0 0,93 19,0 6,8 0,09 1,66 1,7 0,3 1,9 12,5 99,88 2,13 
Beremend (Villány Mts.) Kovács, J. (2004) 25,6 1,02 36,1 17,3 0,14 0,62 0,5 0,0 0,1 16,9 98,28 0,48 
Made by Kovacs, B.,University of Debrecen, Agricultural Centre, Regional Analytical Centre and Papp, I., University of Debrecen, Department of Mineralogy and Geology 
* CIA (Chemical Index of Alteration) = [Al203/(A1203+Ca0'+Na20+K20)]xl00, where CaO' is the Ca in the silicate phase (Nesbitt and Young-1982, 1984, Varga, et.al. 2002) 
** admixture ot rock fragments of the underlying rock 
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SiO, TiO, Al 2 0, Fe,0, MnO CaO MgO K , 0 NavO 
% 
SiO, TiO, A1,0, Fe,Q, MnO CaO MgO K , 0 Na 2 0 
% 
• SZPKF-8/0.8-1.0 m (red 
clay) 
— a — SZPKF-8/2.4-2.6 m (red 
clay) 
— — SZPKF-8/4.4-4.6 m(red 
clay) 
• • • • • • • SZPKF-8/6 .6-6 .8 m 
(Sarmatian silt) 
- • • • • • - SZPKF-8/10.6-10.8 m 
(Sarmatian silt) 
- Bábonyi-bérc (Va-3) 
- Sajókápolna (Va-4) 
- South A v a s (Va-6) 
- Diósgyőr (Va-7) 
- Diósg>'ör (Va-8) 
— Komlosteto red clay (Va-
2/0.2 m) 
— Komlosteto red clay (Va-
2/0.5 m) 
— Komlosteto red clay (Va-
2/0.9 m) 
• • Komlosteto red clay (Va-
2/1.3 m) 
Fig. 8. PAAS-normalized major element spiderdiagrams of red clays (PAAS after 
Taylor and McLannon 1985). 
CIA AI 2 0 3 
100-1 kaolinite, ® gibbsite 
a SZPKF-8/2.4-2.6 m chlorite / \ • SZPKF-8/0.8-1.0 m 
o SZPKF-8/4.4-4.6 m - SZPKF-8/6.6-6.8 m 
/ \ A y • SZPKF-8/10.6-10.8 m * Sajókápolna 
80- smectite / T p 
illite + Bábonyi-bérc ° Pereces 
• Diósgyőr (Va-7) • Diósgyőr (Va-8) 
/mus tov i t e * South Avas a Komlosteto (Va-1) 
- A ' • A * Komlosteto (Va-2/0.5-0.6) A Komlosteto (Va-2/0.9-1.0) 
• Sarmatian bentonitic • Sarmatian silt 
6 0 - 40 % / • ) ( • Y — —X \60 % rhyoHie tuff 
CaO*+ K : O 
N a 2 0 
Fig. 9. A-CN-K triangular plot of red clays and source materials (Nesbitt and 
Young 1982, 1984). Arrow indicates weathering trend. 
sediments don not differ from each 
other. Only the yellow clay (Va-2/1.3-
1.4 m), deposited on karstified 
limestone, differs significantly from 
the red clay samples as a consequence 
of its different origin. 
The ratios of A1203 to Ti02 and 
Fe203 are rather constant both in the 
case of red clays and in the underlying 
Sarmatian silts (Table 4) which 
indicate that red clays are derived from 
the Sarmatian formations. 
One of the most accepted index of 
weathering degree is the CIA 
(Chemical Index of Alteration, after 
Nesbitt and Young 1982, 1984, Varga 
et al. 2002) which measures the degree 
of weathering of the examined 
materials relative to unaltered 
feldspars: 
[Al203/( Al203+CaO*+Na2OfK20)]x 100 
(in molar proportion), where CaO* 
represents the CaO content of the 
silicate fraction. CaO* values were 
calculated according to the 
recommendations of Fedo (1995). 
Except for the samples mixed with 
limestone debris (marked in Table 4), 
the red clays contain less than 1 % 
calcite (or 2 % dolomite, respectably). 
The weathering tendencies and the 
connection between the major elements 
and the mineral fraction can be 
illustrated on A-CN-K triangular plot 
(see Fig 9. after Nesbitt and Young 
1984, 1989, Varga 2005). It can be 
seen on the diagram that all red clay 
samples are dispersed in a relatively 
small field, the CIA indices (Table 4) 
vary between 77.6 and 87.5 which 
together indicate similar origin and 
strong weathering. Red clay samples 
are located between the smectite and 
illite zone on the diagram which is in 
agreement with the mineral 
composition presented before. The 
karst and near karst localities (Va-1, 
Va-2, Va-7) turn out to be weathered a 
little stronger than the Miocene ones 
which is in conformity with the 
mineralogical results obtained by the 
XRD method. The red clays of the 
SZPKF-8 drilling are practically 
identical with the Sarmatian near shore 
silts (marked by grey signs on the 
triangular plot). Their similarity refers 
to a narrow genetic connection and to 
the fact that the red clays arose by the 
light alteration of silts partly originated 
from tuffs during previous marine 
alteration. Compared to the Sarmatian 
bentonitic rhyolite tuffs the plots of 
Sarmatian silts and red clay samples 
are shifted approximately parallel with 
the A-CN axis according to the ideal 
weathering trends. The little shift 
toward the illite zone is due to the fact 
that detrital sediments of different 
origin also took part in their formation. 
According to Schlesinger (1991) 
the Si02/(A1203+Fe203) quotient 
approximately shows the climatic 
conditions of weathering. The limiting 
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values are the following: <1.61: tropical climate, 1.61-3.15: 
subtropical climate, 3.15-3.77: warm moderate and >3.77: 
moderate climate. Most of the materials indicate warm 
moderate climate, two samples from the Biikk Mts. (Va-2/0.9-
1.0 m and Felsotarkany) indicate subtropical while the yellow 
clay indicates tropical climate. The significant variability of 
the quotient can be explained partly by the fact that Si02 
content is highly affected by the variable quartz contents 
derived from the (later) mixing with detrital components. 
Schweitzer (1993) and Schweitzer and Szoor (1997) 
differentiated two types of clays, the „typical red clay" and 
the „reddish clay" (usually brownish red, reddish brown 
coloured), based on their appearance, mineral and 
geochemical composition. According to their opinion the age 
of the former is lower Pliocene, and of the latter late Pliocene 
to middle Pleistocene. Examining some of the major 
elements they have found that it is possible to separate the 
red clay types on the basis of their Fe203 - Na20 and Fe203 -
K 2 0 relations, respectively. Most of our samples displayed 
on the Fe203 - Na20 diagram (Fig. 10) are classified as 
„reddish clay", however, they are closer to the border line on 
the Fe203 - K 20 diagram showing an unclear result. The 
difference can be explained by the different behaviour of Na 
and K during weathering. While Na is being leached, K may 
accumulate in clay minerals. Consequently our samples 
rather belong to the „reddish clays", or are transitional 
between the two types. The results show, however, the 
restricted value of this method for the discrimination. 
• SZPKF-8 drilling 
* Sajókápolna (Va-4) 
+• Bábonyi-béic (Va-3) 
• Pereces (Pe-Da-7-7) 
o Diósgyőr (Va-7.8) 
- Soi lh Avas (Va-6) 
a Komlóstető (Va-1,2) 
• SZPKF-8 diülirg 
* Sajókápolna (Va-4) 
+ Bábonyi-béic (Va-3) 
* Pereces (Pe-Da-7-7) 
o Diósgyőr (Va-7,8) 
- South Avas (Va-6) 
a Komlóstető (Va-1,2) 
Fig. 10. Distinguishing "red clays" and "reddish clays" based 
on alkali oxides as a function of Fe-oxides, according to the 
discrimination diagrams of Szóor (1993). 
CONCLUSIONS 
The comparative characterisation of a less well-known 
red clay formation by sedimentological, mineralogical and 
geochemical examinations is given in the paper. Based on the 
results obtained the following conclusions are drawn: 
- T h e examined red and reddish brown clays collected from 10 
localities in the surroundings of Miskolc, are basically similar 
and they are paraautochtonous formations. The difference 
between red clays underlain by karstic Mesozoic limestone 
and Sarmatian sediments is moderate, although the former one 
is slightly finer and contains more kaolinite, especially in the 
fine fraction. It marks more advanced weathering. 
-Sedimentological, mineralogical and geochemical 
similarities between the underlying Miocene sediments and 
the red clays indicate that the source material of the 
examined materials is probably the Miocene shallow 
marine, bentonite containing sequence. The mixing with 
older kaolinite rich weathering crusts occurs only on the 
karstified limestone surface of the Bükk Mountains. Based 
on the XRD mineralogical results the possibility of the 
derivation of red clays from the weathering crust of 
Jurassic iron containing rocks and their terra rossa origin 
are excluded. Aeolian origin is not excluded but it can be 
subordinate considering the grain size distribution and 
mineral contents of the red clays. 
- T h e examined red clays belong to the slightly weathered 
type ascompared to other Hungarian localities. The 
considerable similarity with underlying sediments refer to 
moderate alteration during warm, semi-arid periods in the 
course of which alkali and alkali-earth metals were 
leached, iron was oxidized, less stable silicates weathered, 
montmorillonite and illite became more disordered, but the 
basic clay mineral composition hardly changed. This is the 
process called by Kubiena rubefication while the more 
intense tropical weathering would be called lateritisation 
(cited by Fekete 2002). 
-Based on lithostratigraphical analogies the age of the clays 
may be late Pliocene, early and middle Pleistocene, but mixing 
with older red clay formations is not excluded. According to 
the subdivision used by Schweitzer and Szöőr (1997) the 
majority of the examined sediments are,/eddish clays". 
- Taking lithostratigraphic features into account, the 
examined red clays can be classified as members of the 
Pliocene-Pleistocene Tengelic Red Clay Formation or of 
the Pliocene Kerecsend Red Clay Formation, however, 
because of the similarities between them it is difficult to 
make a final decision even in the case of these mapped and 
mineralogically, geochemically well defined red clays. 
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ABSTRACT 
The adsorption of Cu- and Zn ions on four Na-montmorillonites with rather different mineralogical features and charge characteristics was 
investigated by XRD in order to observe structural changes during the adsorption. The adsorption capacity of the samples is 0.33-0.38 
mol/kg for Cu, and 0.32-0.47 mol/kg for Zn. Zinc adsorption capacity increase with layer charge and CEC, while copper adsorption seems to 
be independent from these parameters. The basal spacing of metal-adsorbed montmorillonites depends on the type of metal ion, on the 
starting metal ion concentrations, and on the equilibrium pH-s. Cu-adsorbed montmorillonites have about 13-14 Á basal spacing (two water 
layer arrangement) in case of small concentration and high pH, while in case of high metal ion concentration and low pH Cu-adsorbed 
montmorillonites have 12.5 Á basal spacing (one layer water arrangement). Zn-adsorbed montmorillonites tend to have 14-15 Á basal 
spacing (two water layer).Sharpening of the basal peaks with increasing metal ion concentration indicates increase of domain size, 
suggesting structural re-building of montmorillonite crystallites during the adsorption. The expansion capacity in ethylene-glycol of the 
metal-adsorbed montmorillonites did not change, but in case of glycerol solvation loss of expansion capacity can be observed for both 
metals, but only for the montmorillonites with low layer charge. Upon 250°C heat treatment Cu enter into the silicate sheet of 
2+ 2+ 
montmorillonites resulting total loss of ability for expansion (Hofmann-Klemen effect).Although ionic radius of Cu and Zn are similar, in 
case of Zn-adsorbed montmorillonites the Hofmann-Klemen effect can not be observed. 
Key words: metal adsorption, montmorillonite, copper, zinc, XRD, swelling capacity, domain size, pH 
INTRODUCTION 
Copper and zinc are two of those elements which are 
essential in small amount for vital functions, but in high 
concentrations (e.g. in case of environmental pollution) they 
are toxic (Siegel 2002). In soils, clay minerals play an 
indispensable role in chemical and biological processes 
involving heavy metals by their preferring cation adsorption 
and exchange capacity. The bioavaibility of these trace 
elements by plants decreases with the clay mineral content in 
brown forest soils, referring to the strong retention capacity of 
clay minerals to copper and zinc (Sipos 2003). It has been 
proved by many studies that among soil clay minerals smectites 
have the greatest adsorption affinity to copper and zinc (Shukla 
2000, Helios-Rybiczka et al. 1995). In consequence of 
environmental changes chemical and physical characteristics 
(i.e. interlayer composition, layer charge, crystallite size) of the 
smectites may alter, their adsorption, ion exchange and 
swelling properties can modify. These changes may influence 
the chemical and physical properties of the soil itself. 
Although, numerous work were presented on the 
adsorption of copper or zinc (as trace elements or pollutants in 
soils) on clay minerals (as soil components), only a few papers 
deal with the effect of these heavy metals on the structure of 
the clay minerals and with the parameters which influence the 
structural changes (Brigatti et al. 1995, Heller-Kallai and 
Mosser 1995, Ma and Uren 1998, He et al. 2001). 
The objective of the present study was to determine the 
adsorption of Cu and Zn on montmorillonites and to 
characterize the effects of the adsorption on their structural 
properties, namely the swelling capacity. For these reason the 
adsorption of copper and zinc ions by four montmorillonites 
with roughly similar mineralogical and crystallochemical 
characteristics but from different origin was investigated by X-
ray diffractometry. 
ANALYTICAL METHODS 
The adsorption experiments were performed by mixing 
400 mg of montmorillonite with 40 ml of solutions containing 
various concentrations of copper and zinc ions. The initial 
metal concentrations were set to 20, 40, 50, 80, 100, 200, 500, 
1000, 1500 and 2000 mg/1. These values seem to be high 
regarding the natural metal contents of a soil, but they can 
occure in case of serious contamination. Moreover, these 
concentration values are expected to be enough to cause 
changes in the structure of montmorillonites. The samples 
were shaken for 48 hours at room temperature, then they were 
centrifuged. The equilibrium concentrations of Cu and Zn 
were measured by atomic absorption spectrometry (PERKIN 
ELMER 5000). The amounts of adsorbed metals were 
calculated from the difference between concentration of the 
starting and equilibrium solutions. Initial pH of the solutions 
was set to 4.5-5.0 by adding some drops of dilute H N O 3 . 
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Table 1. Mineralogical characteristics of the montmorillonite samples. 
Sample Origin Main mineral components Layer charge/half unit cell (min-max) CEC (meq/kg) 
SWy-2 Wyoming (USA) montmorillonite 
0.25-0.36 
octahedral 77 
1MB Hungary 92% montmorillonite, 8 % cristolbalite 
0.265-0.392 
octahedral 103 
UVB Rumania 80-85 % montmorillonite, 0.265-0.392 94 15-20% cristobalite octahedral 
VCB Rumania montmorillonite 0.28-0.43 octahedral»tetrahedral 109 
In this pH range the competition between metal ions and H+ 
ions is the smallest according to Farrah and Pickering (1979). 
The solid phase was washed by distilled water and then 
sedimented on a glass slide for the XRD analysis. The 
samples were air dried and stored under controlled humidity 
conditions (RH = 25-30%) in a dessiccator. The XRD 
measurements were carried out by a PHILIPS PW 1710 
diffractometer, using 45kV accelerating voltage and 35mA 
current. The speed of scan was O,O2°20, detecting time was 2 
sec. The samples were glycolated in vapour at 60°C 
overnight and glycerol solvated at 95°C overnight. The 
Hofmann-Klemen effect was tested by heating the untreated 
and the copper and zinc saturated samples at 250°C for 16 
hours and subsequent glycerol solvation. In all cases the 
sample thickness was the same (3mg/cm2), except the 
samples prepared for the Hofmann-Klemen test where it was 
8mg/cm2 to avoid the effect of sodium extraction from the 
glass slide (Lim and Jackson 1986). 
The CEC values were determined on the basis of Ba-
exchange. The layer charge of untreated samples was 
determined by the alkyl-ammonium method of Lagaly (1994). 
MATERIALS STUDIED 
The following montmorillonite samples were used: 1) 
international standard Na-montmorillonite from Wyoming 
(SWy-2), 2) montmorillonite from the Hungarian 
"Istenmezeje" bentonite (1MB), and two Rumanian 
bentonites from 3) Ora§u Nou (UVB) and from 4) Valea 
Chioarului (VCB). SWy-2 and VCB are pure 
montmorillonites, the latter is a natural sodium form. 1MB is 
composed by 92% of montmorillonite and 8% of cristobalite, 
which can not be physically separated from each other. UVB 
sample is an artificially activated bentonite by soda with high 
amount of cristobalite (15-20%). The summary of the 
mineralogical and chemical features of the four 
montmorillonites are given in Table 1. The amount of mean 
layer charge follows the SWy-2 < 1MB = UVB < VCB order. 
The layer charge distribution is heterogeneous for SWy-2 
and 1MB, more homogeneous for UVB and VCB. Based on 
the Green-Kelly test nearly the total layer charge of the 
samples is originated from the octahedral sheet for the 
samples SWy-2, 1MB and UVB, while VCB besides 
montmorillonite has some percent beidellitic layers also. 
SWy-2, UVB and VCB are Na-montmorillonites, only 1MB 
montmorillonite was Na-saturated by washing three times 
with NaCl. The sedimented less than 2pm fraction of the 
samples was used in the adsorption experiments. 
RESULTS AND DISCUSSIONS 
Adsorption isotherms and pH changes 
The Cu and Zn adsorption curves are plotted in Fig. 1. 
Based on the classification of Giles et al. (1960) the shape of 
isotherms is H-type, which is characteristic for the 
adsorbents with high affinity to the adsórbate, and suggests 
chemisorption as mechanism of adsorption. The metal ion 
uptake was calculated from the Langmuir adsorption 
isotherms. The maximal adsorption values expressed in 
mol/kg and in mg/kg (ppm) are shown in Table 2. The 
adsorbed Cu and Zn amounts are in accordance with the 
values obtained by Helios-Rybicka et al. (1995) and Vengris 
et al. (2001) for bentonites and are consistent with adsorption 
0 4 8 12 16 20 24 28 
Equilibrium concentration (mmol/1) 
Equilibrium concentration (mmol/1) 
Fig. I. Adsorption isotherms for Cu and Zn: (A) SWy-2 and 
(B) 1MB montmorillonites. Solid line = Zn, dashed line = Cu. 
The lines are only used to guide the eye. 
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Fig. I. (continued) Adsorption isotherms for Cu and Zn: (C) 
UVB and (D) VCB montmorillonites. Solid line = Zn, 
dashed line = Cu. The lines are only used to guide the eye. 
Table 2. Maximal copper and zinc adsorption of the 
montmorillonites. 
Maximal Cu Maximal Zn 
Sample adsorption adsorption 
(mol/kg) (mg/kg) (mol/kg) (mg/kg) 
SWy-2 0.35 22241 0.35 22880 
1MB 0.33 20970 0.47 30724 
UVB 0.38 24147 0.32 20918 
VCB 0.34 21606 0.40 26148 
capacities of natural clayey soil samples (Sipos et al. 2005). 
As expressed by the percentage of adsorbed Cu and Zn, the 
montmorillonites show a higher preference for both metal 
ions at lower concentrations, the increase is the most evident 
when initially 80 or 100 mg/1 metal ion are present in the 
solution. It corresponds to the 6-7 pH range, and it agrees 
well with the 6.5 pH value for the maximal Cu adsorption 
observed by Flor et al. (1995). 
Although, the similar chemical and geochemical 
characteristics of the two metal ions are reflected in the 
adsorption results also, one can not draw a total parallel 
between the Cu and Zn experiments. We measured the 
highest Cu adsorption for UVB and the maximal adsorption 
of the other montmorillonites can be considered equal, while 
Zn adsorption of UVB is relatively low, and VCB and 1MB 
seem to be the best Zn adsorbents. SWy-2 and 1MB 
montmorillonites adsorb about the same amount of Cu and 
Zn, while UVB shows higher affinity to Cu, and VCB to Zn. 
The order of affinity for Cu does not follow those of layer 
charge or cation exchange capacity. However, a tendency of 
higher the CEC or layer charge the higher the adsorption 
capacity can be outlined in the case of zinc adsorption. The 
equilibrium pH-s for Cu and Zn decrease from 8.3 to 4.4, and 
from 9.3 to 5.9, respectively, with the increase of the metal 
ion concentration. The turning of pH into more acidic 
initially is due to the hydrolysis of metal ions and afterwards 
due to the release of H+ from the coordinated water 
molecules of the adsorbed metal cations. Comparison of pH 
of montmorillonite samples with adsorption capacities 
suggests an inverse relation, but it can not be considered as a 
linear regularity. 
XRD investigation of Cu-montmorillonites 
XRD patterns of the montmorillonites saturated with Cu-
solutions of different concentrations are shown in Fig. 2. The 
most frequently observed (001) reflection of Cu-smectites at 
ambient conditions is around 12.5 Á, indicating one layer 
water arrangement of Cu in the interlayer space (El-Sayed et 
al 1970, Pusino et al. 1989, Stadler and Schindler 1993, 
Heller-Kallai and Mosser 1995, Emmerich et al. 2001). On 
the contrary, we found that the basal spacing tend to rise 
from the initial 12.5 Á (Na-montmorillonite) to 14.5 Á at low 
metal concentrations (SWy-2, 1MB: 20-100 or UVB, VCB: 
20-200 mg/1 starting Cu2+ concentrations) and at pH > 6. 
Simultaneously, beside the increase of d(001), the 
broadening of basal peak can be considered as well, 
indicating the decrease of crystallite size and/or interlayering 
of montmorillonite layers with different basal spacing. This 
observation enables one to think that Cu formed a two-water 
layer hydrate in the interlayer space and that the 
montmorillonite crystallites decomposed. According to the 
calculated data of Stadler and Schindler (1993) in Cu-Ca-
montmorillonite system in this pH range (5-7) Cu(OH)+ and 
Cu2(OH)22+ chemical species participate in the ion exchange. 
Our measurements support rather the existence of divalent ion-
pair form of Cu in the interlayer space in this pH range. 
However, this value is similar also to that obtained at pH 3 to 6 
by He et al. (2001) interpreted as the presence of fully 
hydrated hexaaqua Cu2+ ions in the interlayer space (Morton et 
al. 2001). For the determination of the form of adsorbed Cu 
further spectroscopic studies (FTIR, EPR or XPS) are needed. 
At higher starting Cu concentrations, above 200 ppm, and 
at more acidic pH the 001 reflection re-shifted to 12.5 Á and 
the peaks became sharper. This value agree with those found 
in the literature cited above and it indicates the full saturation 
by Cu, as shown by adsorption curves (Fig. 1), and proved 
directly by analytical electron microscopy (Németh 2003). 
Corresponding to the change in basal spacing a dramatic 
change in equilibrium pH can be observed between 100 and 
200 ppm starting Cu concentrations. This phenomenon can 
be explained by the form of Cu in the interlayer spacc, which 
is mostly determined by the pH. To check this hypothesis, 
we studied VCB smectite with and without adjusting the pH 
(Fig. 3.). Remarkable differences in basal spacing can be 
observed even in case of small differences in pH. When pH 
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Fig. 2. XRD patterns of Cu-adsorbed (A) SWy-2, (B) 1MB, 
(C) UVB and (D) VCB. The starting metal concentrations 
and the equilibrium pH-s are shown. 
was not been adjusted, the basal spacing around 14 Á 
appeared at pH = 6.6 (100 ppm starting Cu) and remained 
only in a narrow pH and concentration range (Fig 3A). 
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Fig. 3. XRD patterns of Cu-adsorbed VCB smectite (A) 
without and (B) with pH adjusting. 
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Fig. 4. Domain size (in A) of Cu-adsorbed montmorillonites 
in function of initial Cu concentration. The lines are only 
used to guide the eye. 
At other pH-s Cu-montmorillonite is characterised by 
d(001)=12.5 A. On the contrary, the 6-7 pH and the basal 
spacing around 14 A remained stable in the 20-200 ppm starting 
Cu concentration range when pH was adjusted (Fig. 3B). 
Sharpening of (001) peak indicates structural reordering 
in the interlayer space and an increase of crystallite size. Fig. 
4. shows the variation of calculated domain size of 
montmorillonites with Cu concentration. Domain sizes vary 
from about 50 A to 160 A. As expected, the soda activated 
UVB montmorillonite is composed by the thinnest 
crystallites, while SWy-2 is the thickest one. After the initial 
decomposition of crystallites at low concentration rate an 
increase of domain size can be considered for all the four 
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samples. Similar structural decomposition and reordering 
was revealed by XRD line profile analysis of Cu-adsorbed 
1MB montmorillonite in a previous work (Kiss et al. 1997). 
XRD investigation ofZn-montmorillonites 
XRD patterns of the montmoriilonites adsorbed by Zn 
solutions of different concentrations are shown in Fig. 5. The 
characteristic basal reflection of Na-saturated 
montmoriilonites was progressively shifted to about 14.5 A 
and the shape of the peak became sharper. The four 
montmoriilonites behaved similarly but with small 
differences. In case of SWy-2 the 14.5 A reflection was 
achieved with the starting concentration of 100 ppm, while 
VCB reached the 14.5 A basal spacing at 200 ppm. 
Generally, the basal spacing progressively increases with 
decreasing pH until it reaches the permanent 14.5 A value at 
neutral pH. Based on data presented by Ma and Uren (1998) 
Zn may be in both one- and two water layer arrangement in 
the interlayer space, depending from its chemical speciation. 
At higher pH ZnOH+ is in the interlayer with one water layer, 
while in lower pH Zn2+ occurs with two water layer resulting 
12.5 and 15.1 A d(001), respectively. Our results coincide 
with these observations and show that Zn tends to be in two 
water layer form in the interlayer space at neutral and lower 
pH. On the contrary, Brigatti et al. (1995) found 12.8 A basal 
spacing for Zn2+-saturated Cheto-montmorillonite, but their 
experiments were carried out under different time and pH 
conditions. Similarly to copper, Zn adsorption causes also 
crystal rebuilding and increase of domain size. 
XRD investigations of solvated Cu- and Zn-montmorillonites 
Some typical XRD patterns of Cu- and Zn-
montmorillonites saturated with organic compounds, namely 
ethylene glycol and glycerol are shown in Fig. 6. Upon 
glycolisation the basal spacings of all the four 
montmoriilonites in case of both the Cu- and the Zn-adsorbed 
forms were around 17 A (Fig. 6A, B). This d(001) value 
corresponds with that of Heller-Kallai and Mosser (1995). The 
basal spacing of ethylene-glycol-Cu/Zn-montmorillonite 
complexes was independent on the metal concentrations, but 
the intensity of the basal peak progressively and significantly 
decreased with the adsorbed metal content of the 
montmoriilonites, suggesting that the intercalation of organic 
compounds into the relatively ordered layer stacking of metal-
adsorbed montmorillonite became more difficult. 
When SWy-2 was glycerol solvated the starting Na-form 
swelled to 17,8 A and this state remains up to 500 ppm added 
copper. However, above this concentration value a broad 
reflection occurred between 17,5 and 14,3 A. With the increase 
of Cu loading, the maximum of this broad peak shifted to 14,3 
A, suggesting the interlayering of montmorillonit layers 
containing one and two layer glycerol (Fig. 6C). The occurring 
of a reflection shoulder at 15 A for Cu-IMB suggests the same 
phenomena. In case of Zn-adsorbed SWy-2 this loss of 
expansion with glycerol solvation can be observed from 100 
ppm starting Zn concentration (Fig. 6D). This loss of swelling 
capacity is not characteristic for all the montmoriilonites. Cu-
and Zn-VCB, Cu-UVB, Zn-IMB behaved like a normal 
montmorillonite and swelled. The differences may be due to the 
real crystal chemical characteristics of the montmoriilonites. 





Fig. 5. XRD patterns of Zn-adsorbed (A) SWy-2, (B) 1MB, 
(C) UVB and (D) VCB. The starting metal concentrations 
and the equilibrium pH-s are shown. 
always lost its swelling capacity for glycerol, while the high 
charged VCB montmorillonite remained expansive even at 
the highest Cu and Zn concentration. 
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XRD investigation of thermally treated Cu- and Zn-
montmorillonites 
It is widespread known that lithium saturation and 
subsequent heating at 250°C deprives montmorillonite of its 
swelling capacity (Hofmann and Klemen 1950). The three 
conditions proposed by Srasra et al. (1994) to obtain this so-
called Hofmann-Klemen effect are that the cation has ionic 
radius smaller than 0.7 A, vacancies are present in the 
octahedral sheet, and that a part of the layer charge is 
originated from octahedral isomorphic substitution. 
The present investigations was undertaken to test if this 
effect does work in these montmorillonites possessing 
octahedral charge, in the presence of copper and zinc ions with 
around 0.7 A ionic radius. In case of SWy-2, the untreated Na-
saturated sample showed a full re-expansion to 17.8 A after 
heating at 250°C and glycerol solvation. The sample 
saturated with 200 ppm Cu solution still swelled in a small 
amount, but when 1000 ppm Cu solution was added, SWy-2 
totally lost its expansion capacity (Fig. 7 A). VCB smectite 
behaves in a similar way (Fig. 7C). 1MB montmorillonite lost 
its swelling capacity even at 200 ppm (Fig. 7B). The loss of 
swelling capacity suggests that Cu has migrated into the 
silicate lattice and remarkably reduced the layer charge. The 
location of Cu trapped in the 2:1 silicate structure at 300°C 
may be in the hexagonal cavities in the tetrahedral sheet 
(Madejova et al. 1999, Heller-Kallai and Mosser 1995), or 
in the octahedral vacancies (He et al. 2001). The divalent 
Cu- and Zn ions are nearly of similar size and therefore 
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Fig. 6. XRD patterns of (A) ethylene-glycol solvated Cu-
adsorbed SWy-2, (B) ethylene-glycol solvated Zn-adsorbed 
SWy-2, (C) glycerol solvated Cu-adsorbed SWy-2 and (D) 





Fig. 7. XRD patterns of (A) Cu-adsorbed SWy-2 and (B) Cu-
adsorbed 1MB after 250°C heat treatment and subsequent 
glycerol solvation.. 
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Fig. 7. (continued) XRD patterns of (C) Cu-adsorbed VCB, 
and (D) Zn-adsorbed VCB after 250°C heat treatment and 
subsequent glycerol salvation. 
However, the Zn-adsorbed montmorillonites preserve their 
expansion capacity after heat treatment, suggesting that Zn 
do not enter into the silicate layer at 250°C (Fig. 7D). 
CONCLUDING REMARKS AND SUMMARY 
Montmorillonites with slightly variable characteristics 
adsorb Cu- and Zn ions in a similar way and of rather similar 
quantity. However, the adsorbed quantities on the samples 
may be slightly different from each other. The adsorption 
capacity may be influenced by layer charge, cation exchange 
capacity and equilibrium pH of montmorillonites. The 
basal spacings of montmorillonites change with the starting 
metal concentrations and with the equilibrium pH-s. Cu-
adsorbed montmorillonites have about 13-14 Á basal spacing 
(two water layer arrangement) in case of small concentration 
and high pH, while in case of high metal ion concentration 
and low pH Cu-adsorbed Cu-absorbed montmorillonites 
have 12.5 Á basal spacing (one layer water arrangement). Zn-
adsorbed montmorillonites tend to have 14-15 Á basal spacing 
(two layer water). This suggests that the basal spacing of 
montmorillonites and the speciation of metal ions in the 
interlayer space depend on the equilibrium pH. Swelling 
characteristics of montmorillonites in glycerol vapour are 
influenced by saturation by Cu and Zn solutions in a 
different way. In case of typical low charged 
montmorillonites (SWy-2) Cu and Zn cause the loss of 
expansion capacity, while the high charged one does not loss 
it. Anyway, it is necessary to take this observation into 
account when smectites are differentiated from vermiculites 
by their swelling in glycerol in copper or zinc polluted 
soils. 
Upon 250°C heat treatment Cu ions enter into the silicate 
layer of montmorillonites resulting total loss of ability for 
expansion (Hofmann-Klemen effect). Although ionic radius 
of Cu and Zn are similar, in case of Zn-adsorbed 
montmorillonites the Hofmann-Klemen effect can not be 
observed. 
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ABSTRACT 
Representative samples were selected for the study from a large number of profiles. Mineralogical, some micromorphological and 
pedological investigations of typical samples of red clays in Hungary were performed. On the basis of soil and mineral analysis these red 
clays can be ranked in various groups: 
- Red clays in Transdanubia: red clays formed on Permian sandstones, bauxitic formations of Transdanubian Hills, 
- Red clays of Northern Mountains: red clays of Tokaj Foothills, of Aggtelek Karst, of Northern Periphery of the Hungarian Plain. 
Concerning micromorphological features, speckled and granostriated b-fabrics of the groundmass, mainly due to swelling and shrinking, 
were observed in some samples. Clay coatings are mainly interpreted as micromorphological features of illuviation. Red clays investigated 
are similar to the tropical and sub-tropical ferrallitic soils in respect of their formation and mineral characteristics. 
Key words: red clay, red soil, tropical weathering, lateritization, rubefication, micro- morphological features 
INTRODUCTION 
Red clays in Hungary are the products of soil forming 
processes occurring during the Tertiary period, which were 
not covered later by marine sediments. They were eroded 
under the climatic conditions of the Quaternary Period, so 
today they can only be found in areas where they are 
protected against degradation, or where due to their thickness 
and resistance they could withstand the forces of erosion. 
Thus, red clays are fossil or relict products of soil formation, 
since both their water regime and nutrient supply differ from 
soils formed in the Holocene. Their economic importance is 
far from negligible; vineyards, forests and arable cultivation 
can be found on these areas. Their influence may be detected 
in larger area where they are washed away, settled and 
became mixed with other soils. 
GEOLOGICAL SETTINGS 
Varying views on the formation, properties and 
distribution of red soils in Hungary have been published by 
numerous authors. Geologists took an early stand on the 
origin of red clays. The formation of the several red-coloured 
clays and silts were variously explained, sometimes with 
contradicting opinions. Loczy (1887) described red clay as a 
formation closely related to loess, in respect of age and 
origin. Treitz (1903, 1912) shared this view, stating that red 
clays, as a product of soil-forming processes, were formed 
from wind-blown material in the Quaternary Period. It is the 
B-horizon of soils beneath forests established on loess, where 
the A-horizon was eroded. 
Timko and Ballenegger (1916) held similar views about 
these soils. A peculiar type of red clay is the clay soil 
(nyirok) formed on volcanic rock in Tokaj-Hegyalja 
(foothills of the Tokaj Mountains), which was first described 
by Szabó and Molnár (1866) and characterized in detail by 
Ballenegger (1917), who reiterated Szabó's ideas. The red 
clay (nyirok) at Tokaj-Hegyalja is a relict soil from the 
Tertiary Period formed by the weathering of young, volcanic 
rocks and their tuffs under subtropical climatic conditions. 
Generally the term „nyirok", in a wider sense is often applied 
for the red clays. 
The contemporary knowledge of the conditions and 
characteristics of red clay, red, yellow soil formation in 
Hungary and in other countries was summarized by 'Sigmond 
(1934). Red clays possess unique rock characteristics, and 
shouldn't be confused with other types of rock. 
According to Vendl (1957) red clays can be found in the 
depressions of massive limestone and dolomite. From the 
uplifted areas the clay material moved into the depressions of 
the limestone with the rainfall. Under the milder, 
Mediterranean climate, iron-containing compounds in the 
clays oxidized and caused the red color of the clay. 
Different ideas have been developed about the 
distribution and characteristics of red clays and loamy 
products (Vadász 1956, Ötvös 1958, Kretzoi 1969, Bidló 
1974, 1985, Jánossy 1979, Jámbor 1980, Borsy and Szöőr 
1979-1980, Pécsi 1985, Schweitzer 1993). Stefanovits (1959, 
1963, 1967) discovered that the red clays of Hungary are 
genetically diverse. 
Some authors draw parallels between red clay formation 
and the process of bauxite formation (Vendl 1957) or 
considered red clays to be the weathering product of 
bauxite (Vadász 1956). Kubiena (1956, 1958) studied the 
formation of red clays thoroughly. In his opinion red clay 
soils are the products of different processes. He called the 
two main processes of formation: lateritization and 
rubefication. 
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While lateritization is associated 
with the mobilization and washing 
away of silicic acid, rubefication is the 
process whereby the iron hydrous 
oxides coagulate within a short time 
after the dissolution of iron from 
primary minerals. He explains the 
difference at the micro-morphological 
level. Bardossy and Aleva (1990) also 
distinguished bauxite, bauxitic clay and 
terra rossa. He considered bauxite to be 
a product of soil formation as well, 
which could develop in situ or be the 
result of redeposition. 
The FAO World Soil Map also 
differentiates several types of red soils. 
As indicated by Driessen and Dudal 
(1991), Plinthosols and Ferralsols can 
be characterized by a great amount of 
mobilizable iron and aluminum 
compounds, and the similarly red 
Cambisols (Chromic Cambisols) by 
relatively moderate weathering. There is 
a fundamental difference between these 
two directions of soil formation, also 
with regard to the clay mineral 
composition. While Plinthosols and 
Ferralsols primarily contain kaolinite, 
the presence of illite is revealed in 
Cambisols amongst other weathering 
materials (Fekete 1988). In the recent 
FAO soil classification (1994) discussing 
Alisoles, „red montmorillonitic" soil 
formations, are mentioned which could 
be classified as tropical red clays. 
According to the literature there are 
major differences, concerning the 
conditions of formation and the 
characteristics of red soils and red 
clays. These issues are further 
complicated by the influence of 
changing climatic conditions and the 
shifting of certain red clay areas due to 
plate tectonics and crustral movements. 
Hungarian red clays differ greatly 
in their genesis and their physical and 
chemical characteristics from the other 
soils types in the country, and also 
from red clays found elsewhere (Fekete 
1989, 1995, 1998, 2002, Fekete et al. 
1997, Fekete and Stefanovits 2002). 
We would like to add to and clarify the 
understanding of red clays by 
undertaking a more detailed study into 
their distinguishing characteristics and 
common features, which may also 
assist in evaluating their economic 
value. Red clays in Hungary are similar 
to the tropical and sub-tropical ferrolite 
soils regarding their formation and 
mineral characteristics. One of our 
J. Fekete et al. 
Fig. 1. Sites of red clay samples. 
Table 1. Sampling sites of red clay samples. 
Number and locality Depth (cm) Region 
Red clays in Northern Hungary 
100. Jósvafő 20 -55 Northern-Central Mountains 
Aggtelek karst 
(limestone) 
108. Mád 4 0 - 6 0 Tokaj Mountains rhyolite tuff 
222. Salgótarján 400 - 450 Northern-Hungary Basin 
237. Mátrakeresztes 200 - 230 Foreland of 
210. Gyöngyöstarján 2 0 - 4 0 Northern-Central Mátra Mountains 
236. Muzsla 10-30 Mountains (alluvial-237. andesite-
244. Szurdokpüspöki 350 -380 210, 236) 
35. Hatvan 50 -67 
152. Valkó 260 - 290 
Gödöllő Hills 
86. Gödöllő 30 -60 
Red clays in Transdanubia 
119. Szekszárd 7 0 - 8 0 Szekszárd Hills 
120. Kakasd 6 0 - 8 0 Transdanubian Hills 
(Tertiary-Quaternary 
loam, clay) 
205. Kővágószőlős 8 - 15 Mecsek Mountains (Perm, sandstone) 
aims is to explore the similarities in 
processes and characteristics, which 
would substantially help in classification. 
In this paper we report the results of soil 
studies carried out on red clays and soils 
in Hungary. 
MATERIALS AND METHODS 
We collected samples from nearly 
two hundred soil profiles from 
different parts of the Northern-Central 
Hill District (Északi középhegység) 
and Transdanubian Hills (Dunántúli 
középhegység). From the numerous 
samples we present results from 13 soil 
profiles in our study (Fig. 1). Samples 
were selected to represent the different 
types and sources of red clays. Samples 
were collected from the following 
locations to present the physical and 
chemical features of red clay and its 
mineral composition (Table 1). 
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Basic soil analyses were carried out 
according to the methodology laid 
down in the National Methodological 
Handbook (Búzás 1993). 
Mechanical composition was 
determined by pipette analysis; the 
cation exchange capacity and the 
adsorption capacity were determined 
by the Mehlich method (Búzás 1988). 
Chemical analysis of the soil's 
mineral fraction was carried out 
according to Szűcs (In: Ballenegger 
and di Gléria 1962) and also by the 
modified Maul method (1965). 
X-ray diffraction and (derivato-
graphic) thermal analysis were applied 
to determine the mineral composition of 
the samples by G. Bidló, M. Földvári 
and P. Kovács-Pálffy. 
The micromorphological studies 
were performed by G. Szendrei. Thin 
sections were prepared by the method of 
diluted polyester resin impregnation. 
The micromorphological features were 
described according to the Handbook 
for soil thin section description (Bullock 
etal. 1985). 
ANALYTICAL RESULTS 
The results of the basic soil 
analyses are shown in Table 2, data on 
the mechanical composition of the soils 
is represented in Table 3, the cation 
exchange capacities and adsorption 
capacity values are shown in Table 4, 
results of the total chemical analyses 
are recorded in Table 5, the mineral 
Table 2. Results of basic soil analysis. 
No. Locality Depth (cm) KA hyi 
pH 





Red clays in Northern Hungary 
100. Jósvafő 2 0 - 5 5 62.00 9.72 4.74 5.92 0.00 0.19 
108. Mád III 4 0 - 6 0 41.00 5.73 6.12 6.79 0.00 0.92 
222. Salgótarján 400 - 450 56.00 3,60 4.72 5.72 0.00 0.83 
237. Mátrakeresztes 200 - 230 68.00 7.50 5.28 6.69 0.00 2.60 
210. Gyöngyöstarján 2 0 - 4 0 93.00 5,80 6.60 7.43 0.04 1.97 
236. Muzsla 10-30 51.00 3.90 6.86 7.59 0.74 2.34 
244. Szurdokpüspöki 350-380 53.00 2.80 3.77 5.12 0.00 0.32 
35. Hatvan 50 -67 96.00 9.42 7.38 8.38 0.45 0.12 
152. Valkó 260 - 290 47.00 4.70 7.24 8.15 6.32 1.08 
86. Gödöllő 30 -60 58.00 3,70 3.48 4.65 0.00 1.46 
Red clays in Transdanubia 
119. Szekszárd 70 -80 57.00 4.18 7.81 8.36 4.14 1.12 
120. Kakasd 60 -80 51.00 3.73 7.74 8.36 0.00 0.18 
205. Kővágószőlős 8 - 15 50.00 3,48 3.50 4.67 0.00 2.66 
composition of the original soil and 
sieved fractions are shown in Table 6, 
and some of the micromorphological 
features are given in Table 7. 
Basic soil analysis 
The soil texture varies between 
medium-heavy silt and heavy clay. The 
clay content is significantly high, 
although in red clays its dispersion is 
also high. The most probable reason is 
that most of the studied soils now do not 
occur there where they were originally 
formed, but were subsequently trans-
ported and became mixed with other 
sediments (Table 2 and Table 3). 
Differences observable in the 
composition of soil particles are 
accounted for admixture of windblown 
sediment during the last glacial period. 
The higher proportion of the loess 
fraction allows the above mentioned 
conclusion for the following samples: 
108-Mád (31%), 152-Valkó (35%), 
205-Kovágószólos (15%). It is 
important to note the relationship 
between particle size composition and 
other physical soil characteristics. 
Table 3. Mechanical composition of the soil samples. 
No. Locality Depth (cm) >0.25 0.25-0.05 
Percentage of particle fractions 
0.05-0.01 0.01-0.005 0.005-0.001 <0.001 >0.01 <0.01 
Red clays in Northern Hungary 
100. Jósvafő 2 0 - 5 5 0.64 0 . 0 0 20.17 6.76 13.29 59.14 20.81 79.19 
108. Mád III 4 0 - 6 0 0.87 8.72 31.07 2.00 1.20 45.15 40.65 59.35 
222. Salgótarján 400 - 450 3.57 9.74 24.43 9.15 9.62 43.50 37.73 62.27 
237. Mátrakeresztes 200 - 230 
210. Gyöngyöstarján 2 0 - 4 0 1.47 0.40 13.75 9.17 20.06 55.14 15.63 84.37 
236. Muzsla 10-30 
244. Szurdokpüspöki 350 - 380 
35. Hatvan 50-67 8.74 4.93 15.42 17.76 21.43 31.72 29.09 70.91 
152. Valkó 260 - 290 0.58 4.23 35.03 3.42 13.44 43.30 39.84 60.16 
86. Gödöllő 3 0 - 6 0 5.89 20.91 18.35 0.23 7.77 46.85 45.15 54.85 
Red clays in Transdanubia 
119. Szekszárd 70 -80 0.12 0.61 35.06 5.68 11.15 47.38 35.79 64.21 
120. Kakasd 6 0 - 8 0 1.17 41.10 5.48 1.57 3.89 46.79 47.75 52.25 
205. Kővágószőlős 8 - 1 5 31.03 7.07 14.79 9.20 0.15 37.77 52.88 47.12 
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Table 4. Adsorption capacity and exchangeable cations of red clays. 
Locality Depth Ca2+ Mg2+ Na+ K+ Value of S 
CEC V 
(Value ofT) (S/T* 100) Ca
2+ Mg2+ Na+ K+ 
No. Site (cm) (meq / 100g) (%) (S %) 
Red clays in Northern Hungary 
100. Jósvafo 2 0 - 5 5 11.43 5.60 0.31 0.29 17.63 17.63 100.00 64.83 31.76 1.76 1.65 
108. Mád III 4 0 - 6 0 13.40 11.30 0.00 0.15 24.85 . 26.98 92.11 53.92 45.47 0.00 0.61 
222. Salgótarján 400 - 450 12.10 5.70 1.10 0.26 19.16 24.01 79.80 63.15 29.74 5.74 1.37 
237. Mátrakeresztes 200 - 230 40.63 8.97 0.10 0.50 50.20 50.20 100.00 80.94 17.87 0.20 1.00 
210. Gyöngyöstalján 2 0 - 4 0 36.53 4.50 0.80 0.44 42.27 42.27 100.00 86.42 10.64 1.89 1.05 
236. Muzsla 10-30 29.35 7.31 0.10 0.64 37.40 37.40 100.00 78.48 19.55 0.27 1.71 
244. Szurdokpüspöki 350 - 380 11.21 6.47 0.08 0.55 18.31 28.10 65.16 61.22 35.34 0.44 3.00 
35. Hatvan 50-67 10.50 29.00 2.60 0.93 43.03 44.45 96.81 24.41 67.39 6.04 2.16 
152. Valkó 260 - 290 16.32 3.70 0.05 0.35 20.42 20.42 100.00 79.92 18.12 0.24 1.72 
86. Gödöllő 3 0 - 6 0 6.53 10.00 0.67 0.43 17.63 17.63 100.00 37.04 56.72 3.80 2.44 
Red clays in Transdanubia 
119. Szekszárd 70 -80 6.52 7.10 0.20 5.60 19.42 19.42 100.00 33.57 36.56 1.03 28.80 
120. Kakasd 60 -80 6.75 6.40 0.20 0.40 13.75 13.75 100.00 49.09 46.54 1.45 2.92 
205. Kővágószőlős 8- 15 5.90 0 .00 0.05 0.31 6.26 12.00 52.17 94.24 0 . 0 0 0.79 4.97 
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Red clays in Northern Hungary 
100. Jósvafő 20- 55 50.99 19.54 6.13 3.71 5.03 36.41 30.03 8.78 1.74 5.37 
108. Mád III 40- 60 58.21 14.07 4.56 5.84 4.93 40.09 20.79 9.22 2.56 3.54 
222. Salgótarján 400- 450 49.84 19.85 7.33 3.46 4.25 
237. Mátrakeresztes 200- 230 59.39 28.01 10.20 2.93 4.31 
210. Gyöngyöstaiján 20- 40 60.31 17.27 7.61 4.57 3.63 50.33 21.41 4.70 3.51 7.14 
236. Muzsla 10- 30 48.88 27.24 13.64 2.31 3.13 
244. Szurdokpüspöki 350 - 380 50.77 21.41 9.34 3.15 3.60 
35. Hatvan 50- 67 59.48 18.80 4.61 4.65 6.34 49.64 21.34 6.98 3.27 4.80 
152. Valkó 260- 290 63.32 22.36 4.56 4.86 7.82 53.20 18.49 7.49 3.89 3.87 
86. Gödöllő 30- 60 67.77 13.33 3.10 7.52 6.89 39.25 23.97 8.34 2.28 4.51 
Red clays in Transdanubia 
119. Szekszárd 70 -80 55.76 30.36 4.97 2.99 9.76 37.35 23.70 9.07 2.15 4.18 
120. Kakasd 60 -80 66.96 12.62 4.35 7.39 4.64 38.40 26.64 8.56 2.03 4.98 
205. Kővágószőlős 8 - 15 69.60 13.62 3.93 7.34 5.56 48.01 25.80 6.36 2.73 6.48 
The plasticity value is in accordance with the hygroscopic 
value. The highest hygroscopic values were detected in 
samples 100-Josvafo, 210-Gyongyostarjan, 35-Hatvan 
(Table 2). 
Chemical reaction (pH) is a little bit acid, but some 
samples have neutral or alkaline chemical reaction, because 
they contain CaC03. The humus content is generally low. 
Adsorption capacity and exchangeable cations 
The adsorption capacity of red clay soils appears to be 
related with the clay content and the mineral composition of 
the clay. Due to the large amount of the clay fraction high 
CEC (value of T) would be expected, but the values 
measured were generally low (Table 4). High cation 
exchange capacity (CEC) values are recorded in soils with 
high clay content. In the samples where the adsorption 
capacity values are lower, we can find mainly kaolinite. The 
cation exchange capacity value is varying from 12 to 44 
meq/lOOg. In samples 35-Hatvan, 210-Gyongyostaijan the 
CEC values are the highest, above 40 meq/lOOg. The V 
values indicate saturation, except for 205-K6vagosz61os (this 
sample has only 52% V), because this soil was formed on the 
Permian sandstone. 
The Ca and Mg ions are dominant among the 
exchangeable cations. The Ca ion S%-values in some 
samples are 60 - 80 %, and the Mg ion S%-values in the 
range 45 - 67% are in the samples: 35-Hatvan, 86-Godollo, 
108-Mad, 120-Kakasd. 
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Table 6. Mineral composition of red clay samples (%). Q*original sample, f f * fine fraction 
Northern Hungary Transdanubia 
Minerals Jósvafő Mâd Salgótarján Mátrakeresz- Gvöngyös-
Muzsla Szurdokpüs- Hatvan Valk Gödöllő Szekszárd Kakasd Kővágó-
(100) (108) (222) tes (237) taiján (210) (236) pöki (244) (35) (152) (86) (119) (120) szőlős (205) 
0 * f p * 0 * j p * O* ff** 0 * f p * 0 * f p * O* f p * 0 * f p * O* f p * O* f p * O* f p * 0 * ff** 0 * f p * Q* f p * 
Quartz 59.5 37.2 32.3 28.1 - 44.0 30.0 23.0 33.2 21.6 29.8 13.0 - 56.0 - 16.7 71.6 30.1 33.2 21.6 29.8 13.0 - 56.0 
Calcite 2.7 - - 1.3 - - - 2.7 10.6 1.1 - - 1.4 3.8 5.8 2.7 10.6 1.1 - -
Dolomite - - - - - - - -
" 
- - 3.0 - - 0.6 - - - - 3.0 
Feldspars 2.0 2.0 1.5 13.1 10.0 11.0 7.0 3.5 4.7 10.2 6.3 - 7.0 8.9 1.7 4.1 3.5 4.7 10.2 6.3 7.0 
Kaolinite 28.5 30.7 2.0 8.1 - 1.0 2.0 5.3 14.8 26.0 19.4 - 9.3 11.5 9.5 5.3 14.8 26.0 19.4 -
Chlorite - - - - 2.0 - - 51.1 10.6 10.6 4.0 - 2.0 1.6 - - 51.1 10.6 10.6 4.0 2.0 
Illite - - - - 6.0 2.0 - - - - - - 12.0 - - - - - - - - 12.0 
Illite/Mon. - - - - 5.0 1.0 - - - - • - 3.0 - - - - - - - 3.0 
Illite+mica - - 32.8 - - - - - - - - - - 37.9 - 1.9 - - - - -
MontmorilL - - - - - 24.0 47.0 50.0 - - 16.4 - - 8.0 - - - - - 16.4 - 8.0 
Mo+amorphous - 23.2 25.0 42.8 - - - - 32.0 - 48.9 - - 4.6 5.6 40.0 - 32.0 - 48.9 -
Muscovite 
Gibbsite - - - - - - - - - - - - - 0.8 - - - - - - -
Hematite 0.8 0.5 - - 2.0 5.0 12.0 - - - 0.8 - 1.1 - - - - - 0.8 -
Goethite - - - - 3.0 - - - - - - 5.0 - - - - - - - 5.0 
Humus 2.1 2.0 1.4 1.4 - - 1.0 1.0 1.5 0.8 1.0 - 1.2 1.2 1.6 1.0 1.5 0.8 1.0 -
Amorphous - - - - 4.0 5.0 6.0 - - - - - 4.0 - 7.3 7.3 - - - - - 4.0 
H 2 0" 3.20 3.6 4.4 4.0 - - - 3.2 4.2 - - - 3.8 4.0 5.4 3.2 4.2 - - -
H 0 + 1.20 0.8 0.6 1.2 1.2 0.6 1.0 
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Red clays in Northern Hungary 
100. Jósvafő X X X VC X X X 
108. Mád X X X c X X X X 
222. Salgótarján (X) c X X X 
237. Mátrakeresztes X X X vr X 
210. Gyöngyöstaij á X X vr X X 
236. Muzsla X X X c X X X X X 
244. Szurdokpüspök X X X vr X X (X) 
35. Hatvan (X) vc X X X 
152. Valkó X X c X X X X X 
86. Gödöllő (X) vr X X 
Red clays in Transdanubia 
119. Szekszárd X X X 
120. Kakasd X X X 
205. Kővágőszőlős X X X vc X X X 
Legend vr - very rare; r - rare; c - common; vc - very common 
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Chemical analysis 
The data of total chemical analyses 
were considered important both in 
order to identify the age of soils, and 
also to judge the weathering 
characteristics. The SÍ02/R203 
molecular ratio refers to the nature of 
weathering. From the total chemical 
analyses we present here the Si02, 
A1203 and Fe203 values in percentage 
and their ratios for both the total 
samples and for the clay fraction 
(Table 5). Depending on the quality 
and structure of the clay minerals, the 
data indicate that in the samples the 
percentage of Si02 is higher while in 
the clay fraction the values of A1203 
and Fe203 are higher. 
Based on the molecular ratios the 
samples can be subdivided into the 
following genetic groups: 
- In the sample 100-Jósvafö the 
weathering intensity is as strong, as in 
tropical ferrallitic soils. This intensity 
can be observed in the low 
Si02/A1203-ratio, this number is 1.74 
in the clay fraction. Similarly tropical 
weathering is indicated in the 
following samples: 236-Muzsla, 86-
Gödöllő, 108-Mád, 119-Szekszárd, 
120-Kakasd, where the SÍ02/R203-
ratio of the clay fraction is near to 2, or 
a little bit higher. The A1203/Fe203-
ratio of these samples are in the range 
3.1 - 4.9%. According to the 
mineralogical analysis of these samples 
(Table 6) kaolinite content is significant, 
but we can find montmorillonite as well 
(236-Muzsla). All that indicates slightly 
ferrallitic weathering. 
- In conform with A1203/Fe203-ratio 
(5.37) the weathering is allitic 
(bauxitic) in sample 100-Jósvafö. We 
can find tropical soil features like 
kaolinite and hematite contents in this 
sample. 
- In the samples: 222-Salgótaiján, 237-
Mátrakeresztes, 244-Szurdokpüspöki, 
35-Hatvan, 152-Valkó, the weathering is 
siallitic, considering that the SÍ02/R203-
ratio is in the range 3- 4. Kaolinite is very 
few, but montmorillonite (10-47) is 
significant. We can find the samples 
mentioned above in the Mátra Mts., and 
in Mátra Foothills, region at the Northern 
Periphery of the Hungarian Plain. These 
samples are red clays, but there is also 
loess involved. In this case the resulting 
chemical composition shows siallitic 
weathering. 
- In the sample 205-Kôvâgôszôlôs the 
weathering is siallitic, because the soil 
was formed on Permian sandstone. 
It is likely that those soils (red 
clays) with higher Si02/R203-ratios 
have resulted from previous tectonic 
inversion and surface redeposition 
processes, and have thus mixed 
composition of various products of 
weathering. 
Mineralogy 
The examination of the mineral 
composition (Table 6.) by thermal 
analysis and X-ray diffraction is of 
decisive importance in identifying the 
age and weathering processes of red 
clays and also in assessing numerous 
characteristics about these clays. 
Table 7. presents the micromorpho-
logical features of clay components. In 
the red clays of the Northern Periphery 
of the Hungarian Plain micromor-
phological features of clay mobilization 
can be found in the groundmass 
(speckled, granostriated) in varying 
degree as well as along the pores 
(coatings, hypocoatings and infillings) 
with different frequency. Samples: 35-
Hatvan; 152-Valkô. 
In the red clay of Aggtelek Karst 
micromorphological features of clay 
mobilization were observed in the 
groundmass (speckled, granostratied, 
monostriated) and along the pores 
(coatings, hypocoatings and infillings) 
indicating stresses in this sample: 100-
Josvafo. 
In the red clays of the foothills of the 
Tokaj Mountains: micromorphological 
features recognized are pronounced in 
the groundmass (speckled, grano-
stratied, monostriated) and along the 
pores (coatings and infillings) indicating 
clay mobilization. Sample: 108-Mad. 
Red clays formed by the weathering 
of the Pannonian surface: Speckled, 
granostriated and monostriated b-fabrics 
were only recognized. Clay coatings 
and infillings were absent probably due 
to the calcite content. Sample: 119-
Szekszard. 
Red soils formed on Permian 
sandstone: Well marked micromorpho-
logical features indicating mobilization 
of clay particles in the groundmass 
(speckled, granostriated, monostriated) 
and along the pores (coatings and 
infillings) were observed. Sample: 205-
Kovagoszolos. 
The speckled and granostratied b-
fabric of the groundmass, whose 
occurrence is mainly due to swelling 
and shrinking, was observed in samples 
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Fig. 3. Photomicrograph: ferruginous clays coatings and 
infillings in red clay. Transmitted light, 114x. 236-Muzsla, 
Mátra Mountains. 
from the sites: 86-Gödöllő, 210-Gyöngyöstarján, 35-Hatvan, 
100-Jósvafő, 120-Kakasd, 205-Kővágószőlős, 108-Mád, 
237-Mátrakeresztes, 236-Muzsla, 222-Salgótarján, 119-
Szekszárd, 244-Szurdokpüspöki and 152-Valkó. Swelling 
was confirmed by the occurrence of stress coatings in the red 
clays from 100-Jósvafő and 244-Szurdokpüspöki. 
Occurrences of clay coatings in samples of sites in Fig. 2.: 
108-Mád; Fig. 3.: 236-Muzsla; Fig. 4.: 35-Hatvan; Fig. 5.: 205-
Kővágószőlős; Fig. 6.: 152-Valkó; 237-Mátrakeresztes, 222-
Salgótaiján, 244-Szurdokpüspöki and 86-Gödöllő. They were 
interpreted as micromorphological features of illuviation. 
Illuviation coatings and infillings were observed most often 
in samples from 35-Hatvan-Gombos and 205-Kővágószőlős. 
Traceable striated birefringence fabric was also observed in 
Quaternary paleosol in the pediment of Mátra Mountains. Clay 
coatings were also found in Quaternary paleosol in the foothills 
of Mátra Mountains (Visonta) /Berényi-Üveges et al. 2003/. 
CONCLUSION 
On the basis of pedological and mineral analysis the red 
clays of Hungary can be ranked in various groups: 
1. Red soils formed on the Permian sandstone: Clay on the 
surface of Permian red sandstone do not contain kaolinite and 
hematite, but contain goethite. Sample: 205-Kövágószőlős. 
Fig. 4. Photomicrograph: Clay infilling in red clay. Transmitted 
light, 59x. 35-Hatvan, Gödöllő Hills. 
Fig. 5. Photomicrograph: ferruginous clay infilling in red 
clay. Transmitted light, 59x. 205 - Kovagoszolos, Mecsek 
Mountains. 
Fig. 6. Photomicrograph: Rounded aggregate with ferruginous 
clay coating. Transmitted light, 59x. 152-Valkó, Gödöllő Hills. 
Their colour is red, sporadically with a purple nuance. They 
are rocks formed from a mixture of sediments and tropical 
red soils. Naturally, the soil formed on the Permian bedrock 
is not remnant of a Paleozoic soil, but is a relic soil and 
originates from the end of the Tertiary Period. The signs of 
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the oldest soil formation in Hungary can probably be found 
in the Permian red sandstone. 
2. Red clays of Pannonian surface: In the Transdanubian 
Hills the red clays have been produced by weathering of the 
Pannonian surface. We can find illite, chlorite, 
montmorillonite and kaolinite. Samples: 119-Szekszárd, 120-
Kakasd. They were formed between the end of the Miocene 
Period and the lower Pleistocene. 
3. Red clays formed on the rhyolite tuff: The red clays of 
Tokaj foothills, formed on rhyolite tuff with low amount of 
kaolinite and 40% montmorillonite in the fine fraction. 
Sample: 108-Mád. They were formed on rhyolite or rhyolite 
tuff, and are covered by loess in some areas. They are relic 
soils, older than loess, formed under the warm climate of the 
Tertiary Period. 
4. The red soils of Aggtelek karst, Torna hills: In these clays 
the kaolinite content are 30%. Sample: 100-Jósvafő. These 
soils were very heavy soils with significant clay content. They 
are Tertiary relic soils formed on Mesozoic limestone. Laterite 
and bauxite formations can be detected in some places. 
5. The red clays in the Mátra Mountains and foothills: In these 
samples there is significant quantity (20 - 50%) of 
montmorillonite. Sample: 222-Salgótaiján, 236-Muzsla, 244-
Szurdokpüspöki can be characterized by a few chlorite. There 
is no chlorite in samples 210-Gyöngyöstaiján and 237-
Mátrakeresztes. We can find low hematite contents (1 - 12%). 
6. The red soils of Northern Periphery of the Hungarian Plain 
with significant amount of montmorillonite, and 10% to 20% 
kaolinite. Samples: 35-Hatvan, 152-Valkó, 86-Gödöllő. 
These soils have medium clay content. They are situated on 
clay, silt and sand layers of different origin or between loess 
depositions. They were formed in the Pliocene and at the turn 
of the Pliocene and Pleistocene. 
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ABSTRACT 
Concentrations of main and microelements and humic substances were determined in 456 subsurface water samples in the Great Hungarian 
Plain (central part of the Pannonian Basin). The lack of correlation between arsenic and other chemical components in the bulk of the 
samples, and the geographical and depth distributions of arsenic suggest that processes influencing the arsenic content should be studied in 
separate water f low systems. It was established that in the different parts of the groundwater flow line different factors play a role in 
controlling the arsenic content of waters. In the discharge regions of the water f low systems humic substances are the main controlling 
factors of mobilization of arsenic. In the recharge area association of arsenic and iron indicates adsorption or co-precipitation of arsenic on 
ferric oxides and hydroxides. 
Key words: arsenic, groundwater, recharge, discharge, humic substances, iron 
INTRODUCTION 
Certain elements have a great importance in the diet of 
humans and animals, because they are essential to the health 
of organisms. Toxicity of high concentrations of these and 
other elements has also been recognized. For the last 
decades, the attention has been directed towards the possible 
relationship between the As content in drinking water and 
food, and the health of humans and animals (Xu and 
Thornton 1985, Adriano 1986, Varsányi et al. 1991). 
Standards have been established in many countries for a 
maximum allowable As level. In Hungary it is 10 mg dm"3 
for the drinking water. 
Many authors have reported the distribution of arsenic in 
the porewater of lacustrine sediments (Farmer and Lovell 
1986), in estuarine (Belzile 1988, Belzile and Tessier 1990), 
geothermal (Stauffer and Thompson 1984) coastal and 
ground water (Bottomley 1984). The amount of As dissolved 
in water is attributed to geochemical processes, like 
dissolution-precipitation, oxidation-reduction, adsorption, 
and biologically mediated reactions (Welch et al. 1988, 
Ferguson and Gavis 1972). The mobility of As in surface and 
ground waters is closely tied to the behavior of iron. During 
the weathering of As-containing minerals As enters the 
surficial cycle mainly as soluble arsenate in which As is 
present in pentavalent state. This form is quite mobile, 
however, it coexists and coprecipitates with ferric oxide 
(Wilson and Hawkins 1978). In a reducing environment As 
is released. The latter is attributed to modification of redox 
conditions, i.e. pyrite formation and degradation of organic 
matter (Belzile 1988, Peterson and Carpenter 1986). 
In certain regions of Hungary the arsenic content of 
groundwater is higher than the acceptable limit for drinking 
water. About half a million consumers are affected by 
drinking water containing arsenic above the health limit. 
Investigations have been carried out to outline the prevalence 
of arsenic in groundwater and to establish the geological 
and/or geochemical processes controlling its mobility 
(Csanádi et al. 1985, Csalagovits 1999, Erdélyi 1991), 
however, the exact mechanism of its mobilization is not yet 
known. The aim of the present work is to determine the main 
factors influencing the amount of As dissolved in the 
subsurface water in the central part of the Pannonian Basin. 
GEOLOGICAL BACKGROUND 
The study region, located in the southeastern part of 
Hungary, represents the central part of the Pannonian Basin 
(Fig. 1). Its geological evolution is summarized in Varsányi 
et al. (1997), therefore only a short description is given here. 
The Pannonian Basin, having a Paleozoic-Mesozoic 
basement, is filled with Neogene-Quaternaiy sediments. The 
initial formation of deep basins and uplifted highs was 
related to Early Miocene tectonics. In the Late Miocene to 
Pliocene, thermal subsidence over the entire region was 
accompanied by rapid sedimentation leading to a complete 
filling-up by the end of Pliocene. The Late Pliocene and 
Pleistocene tectonic events seem to follow SW-NE tectonic 
Fig. 1. Location of the study area. 
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The frequency distribution of the arsenic concentration is 
bimodal indicating at least two main factors controlling the 
arsenic content of groundwater (Fig. 2). The most frequent 
arsenic concentrations are between 0.2 and 0.4 nmolT1, and 
between 1.2 and 1.4 nmolT1; and there are samples with 
higher arsenic contents up to 4.53 (jmol l"1. In several regions 
and depth intervals arsenic seems to be concentrated in the 
water. Three groups of waters were separated and locations 
of these groups were studied. The separation was performed 
on the basis of the frequency distribution: the two maximums 
indicate two populations, and the outstanding As values 
compose a third group. The groups are as follows: the first 
one contains arsenic below 1.0 (amolT1, the second one 
between 1.0 and 1.8. (imolT1, and the third one above 1.8 
(jmoi r1. Fig. 3 indicates the location of the groups. 
lines developed during the Miocene. The subsidence and 
uplift occurred at different rates over the Pannonian Basin 
(Horváth et al. 1988, Juhász et al. 2002) which resulted in a 
strongly variable thickness of the sedimentary cover ranging 
from several hundred to several thousand meters. In the 
Miocene, 1000-3000 m of marine sediments were covered 
by 1000-3000 m of lake sediments. The Lower to Middle 
Miocene pre-Pannonian sediments formed in a marine to 
brackish environment. The Late Miocene Pannonian was 
characterized by lake deposits, followed by Pontian 
lacustrine and deltaic sedimentations. The Pliocene is 
characterized by interbedded lacustrine and fluvial 
sediments (Rónai 1985). In the Pontian and Pliocene, 
repeated subsidence caused cyclic features of sediments 
(Molnár 1973) and diachronous commencement of fluvial 
sedimentation. The latter started already at the end of 
Pliocene in the Duna-Tisza Interfluve and South Tisza 
region, while in the Körös Basin the lacustrine-marshy 
sedimentation prevailed until the Early Pleistocene, and 
only later was it replaced by a fluvial one. As a result, the 
overall thickness of the fluvial sediments varies from 100 to 
700 m, often having a cyclic character (Rónai 1983). After 
the Pleistocene, eolian sedimentation deposited windblown 
sand and loess over the region. 
R E S U L T S AND DISCUSSION 
Subsurface water samples from wells of 30-2500 m depth 
were collected and analyzed. Major and minor chemical 
components: Na+, Ca2+, Mg2+, K+, total Fe, total Mn, Sr2+, 
Li+, Ba2+, alkalinity, CI", S042", P043" and humic substances, 
were determined. The wellhead sampling, sample 
preservation procedures, and methods of analysis are 
described in Varsányi et al. (1997). 
The arsenic concentration varies from practically 0 to 4.53 
HmolT1 with a mean value of 0.68 (imolT1. Spatial 
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Fig. 2. Frequency distribution of As. Fig 4. Depth dependence of As. 
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The highest concentrations were measured in the 
northeastern part of the studied area. In that region there are 
the greatest number of wells with high arsenic contents. The 
depth dependence of concentration is shown in Fig. 4. In 
general, the concentration is decreasing with depth. The 
western and eastern parts of the study area are different: in 
the western part enrichment of arsenic was found mostly in 
the upper 200 m, in the eastern region in the upper 500 m. The 
distribution is in connection with the surface elevation (Fig. 5). 
Water samples with the highest arsenic concentrations are 
located in the lowest regions indicating that the arsenic content 
of water is influenced by hydrogeological factors, as well. 
Although many authors emphasize the "importance of iron 
and organic matter in controlling the mobility of arsenic, in the 
studied 456 water samples no correlation " has been found 
between arsenic and iron, or organic matter. To reveal the 
effect of organic matter on the concentration of dissolved 
arsenic, chemical oxygen demand (COD) and dissolved humic 
substances were considered. The pattern of geographical 
distribution of arsenic and the lack of general relationship 
between arsenic and other chemical components in the 
samples suggest the need of splitting the whole study area into 
sub-regions. 
Earlier, based on chemical and isotope data, a 
hydrogeological model had been established (Varsányi et al. 
1999, Varsányi et al. 2000). This model separates water bodies 
with different water flow directions and velocities from the 
surface down to about 2500 m (Fig. 6). The term 'water flow 
system' is used for a homogeneous water body in which the 
concentrations of the main chemical components are 
controlled by similar factors all over the water body. Seven 
water bodies were distinguished in the studied area (Fig. 6). 
Two of them, two water flow systems, are located in the 
Pleistocene layers, one in the Duna-Tisza Interfluve and South 
Tisza region, and another in the River Maros alluvial fan. 
Recharge and discharge areas of these flow systems are 
considered separately in this study. Another water flow system 
is in the Pleistocene and Pliocene layers of the Duna-Tisza 
Interfluve and South Tisza region. Two sub-regions of the 
studied area represent the discharge parts of water flow 
systems, one bringing up waters from deep layers in the South 
Tisza region, and the other facing upward in the Pleistocene 
layers in the Körös Basin. There are two deep water bodies, 
one with an unknown flow direction in the Pontian layers of 
the Duna-Tisza Interfluve and South Tisza region, and the 
other at the Pannonian-Pontian boundary, where water from 
the Pontian is mixing with upward seeping deep Pannonian 
waters. In the Körös Basin this deep water flows from the 
Pannonian-Pontian boundary up to the Pliocene layers. 
The water samples were separated according to these 
water flow systems. In Pleistocene flow system of the Duna-
Tisza Interfluve and South Tisza region the average arsenic 
concentration in the recharge area is 0.60 pmolT1, in the 
discharge area 0.62 pmolT1. In the southern part of the 
recharge area arsenic concentrations are elevated, the average 
is 1.17 pmolT1. In the River Maros alluvial fan the average 
in the recharge area is 0.49 pmolT1, while in the discharge 
area it is 1.32 pmolT1. In the Pliocene and Pleistocene flow 
systems of the Duna-Tisza Interfluve and South Tisza region 
the mean value is 0.48 pmolT1, whereas, in the adjoining 
discharge area 0.17 pmolT1. The water samples from 
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Fig. 7. As vs. dissolved humic substances in the discharge areas. 
Pleistocene layers of thé Körös Basin contain 0.90 ^molT1 
of As as an average. The water in the Pontian layers is the 
most depleted in arsenic, the mean value is 0.09 junoM"1. 
The deepest studied zone, the Pannonian-Pontian boundary, 
has 0.47 pmolT1 on average. These differences are caused 
by different availability of arsenic in the sediments and by 
different processes mobilizing it. 
The processes controlling the mobilization of arsenic may 
be revealed by comparing arsenic data with other chemical 
components. In the discharge areas of the water flow systems 
(except one), an association was observed between arsenic 
and dissolved humic substances (Fig. 7). High concentrations 
of humic substances cause high arsenic concentrations 
in groundwater with no accompanying high iron level. 
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In the discharge areas the grain size of the sediments is much 
finer than in the recharge areas, and the high COD values 
indicate a higher organic matter content. It is supposed that 
during the transformation of insoluble sediment organic 
matter, arsenic associated with it is released together with 
soluble humic substances formed during the organic decay. 
The depth dependence of arsenic and humic substances is 
similar: there are two depth intervals with high arsenic and 
humic concentrations; one is the upper 500 m, the other is 
around 2000 m. In the discharge areas of water flow systems, 
organic matter seems to be more important than iron in 
controlling the arsenic concentration. 
Many authors established the central role of iron in the 
mobility of arsenic, although quantitative models linking 
dissolved As and Fe are supported mainly by laboratory 
experiments. In the study area, no general correlation 
between arsenic and iron was found in the subsurface water; 
however, connection was established between them in the 
recharge area of the water flow system of the Duna-Tisza 
Interfluve and South Tisza region (Fig. 8). In the southern 
part of this recharge area several samples contain elevated 
arsenic values the additional source for which was not 
identified in the present work. In the deeper, Pliocene and 
Pontian layers, waters contain less arsenic than in the 
overlying Pleistocene layers. In the deepest zone (at the 
Pannonian-Pontian boundary) and in the Pontian layers in the 
Körös area arsenic is in inverse relationship with P043": 1.0 
pmolT1 increase in the P043"concentration corresponds to 
approximately the same decrease in the arsenic content. 
It was found that factors controlling the mobility of 
arsenic change with the ratio of dissolved arsenic to 
dissolved iron. Fig. 9 indicates that the ratio of As to Fe 
varies in a very wide range: from less then 1% to more then 
100%. In those water samples where an association of 
arsenic and iron was established, the ratio is lower then 1:10. 
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concentration. 
arsenic and phosphate. Where the arsenic concentration 
depends on the humic substances the ratio is not relevant. 
Geographical distribution of the factors controlling the 
arsenic concentration is shown in Fig. 10. Correlation 
between arsenic and iron is characteristic of the recharge area 
in the Duna-Tisza Interfluve, while correlation between 
arsenic and humic substances of the discharge areas: the 
South Tisza region and the Körös Basin. 
C O N C L U S I O N S 
The arsenic content is not uniform throughout the study 
area, indicating that diverse factors control its concentration 
in subsurface water. In most of the samples the arsenic 
content is above detection limit. It means a general 
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availability of arsenic in the sediments; however, the amount 
may be different in certain regions and depth intervals. 
According to the hydrogeochemical model, the water samples 
can reasonably be grouped. These groups correspond to 
separate water flow systems. In the different flow systems 
different controlling factors play a dominant role. In the 
recharge area the adsorption or co-precipitation model is 
consistent with the correlation of arsenic and iron. In the 
discharge areas, transformation of sediment organic matter and 
dissolution of humic substances are the principal sources of 
arsenic. In the deepest zone where waters are depleted in 
arsenic, an association of arsenic with phosphorous was found. 
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ABSTRACT 
Leucocratic granites are widespread mainly in the southern part of the Patria crystalline basement of the Branisko Mts. The major and trace 
element geochemistry indicates their crustal source. Monazites from leucogranites were investigated by electron microprobe dating in order 
to record the age of magma emplacement. EMPA dating yielded age 342±15 for leucocratic granites forming a part of granite pluton in Patria 
complex and 386±19 Ma for leucocratic granites originated by partial anatexis during MP metamorphism during early Variscan collisional 
events. Younger leucocratic granites have been formed by crystal fractionation within main Meso-Hercynian (350-330 Ma) period as a part 
of S-type granite suite of the Western Carpathian basement complexes. It belongs to the Upper lithotectonic unit in sense of Bezak et al. 
(1997). 
Key words: leucogranite, geochemistry, geochronology, EMPA dating, the Branisko Mts., Western Carpathians 
INTRODUCTION 
The granitoids from the Branisko Mts. were not still 
systematically investigated. The first evidence about the 
chemistry and a modal composition of the representative 
granitoid types from the Branisko Mts. results from Cambel 
and Walzel (1982) also Macek et al. (1982) research works. 
In more detail field petrographical relationships and modal 
variability of the granitoid rocks from the Branisko Mts. 
have been studied by Vozárová and Vozár (in Polák et al. 
1997). Geochemical relations of the representative high-
methamorphic rocks and granitoids similarly from the 
Branisko crystalline basement together with the first 
geochronological data have been resolved by Kohút et al. 
(2004). They have observed an intensive anatectic 
reworking of the Branisko crystalline basement ranging 
from 350 to 330 Ma, further a crustal origin and 
heterogeneous tonalit-leucogranite character of the 
granitoids. Some geochemical and geochronological 
characteristics of leucogranites from Branisko Mts. were 
described by Bónová et al. (2005). 
This contribution should specify the register of 
geochemical-geochronological data about leucocratic 
granitoid rocks from the Branisko Mts. which have been 
formed during different Palaeozoic geodynamic settings. 
These granites rich in monazite are suitable for EMPA dating 
investigation and gained results fulfil the view on the 
granitoid genesis in this mountain range in the frame of the 
Variscan Western Carpathian magmatic evolution. 
GEOLOGICAL SETTING 
Leucogranites from Branisko Mts. belong to the high-
metamorphic Patria crystalline complex, which consists from 
gneisses and migmatites with a little abundance of 
amphibolites (Rösing 1947, Vozárová and Vozár in Polák et 
al. 1997). The samples have been taken from the main 
plutonic body as well as from the area with HP metamorphic 
lithologies as orthogneisses and migmatites. 
The Patria crystalline complex appertains to the Upper 
lithotectonic unit in the sense of Variscan constitution of the 
Tatric-Veporic crystalline basement of the Western 
Carpathians (Bezak et al. 1997). The relicts of granoblastites 
with mineral association indicating the high-temperature and 
high-pressure conditions were discovered by Vozarova 
(1993). The synkinematic metamorphism was replaced by 
isothermal decompression stage in a consequence of released 
anatectic melt which was injected into the gneiss-amphibolite 
complex, eventually independent magmatic bodies have 
developed (I.e.) (Fig. 1), which have been also undertaken 
for investigation as a second group or representative of 
leucogranites in Branisko Mts. 
ANALYTICAL PROCEDURES 
The leucogranite samples were taken from a natural 
outcrops and debries from the Kamenny vrch (sample BRA-
4) and the Pod Braniskom - salas (samples ZK-55, BRA-2) 
localities (Fig. 1). They were described petrographically. The 
concentrates of heavy minerals were obtained by standard 
separation process - crushing the rocks in the jawcrasher, 
grinding in the cylindric crusher, preliminary concentration 
using a Wilfley table and heavy liquid. The zircon 
morphology was studied using a binocular microscope. 
Electron microprobe study of rock-forming minerals were 
carried out at the Dionyz Stur Institute of Geology -
Bratislava using a CAMECA SX-100 with an operating 
voltage of 15 kV, beam current of 20 nA. For mineral 
analyses were used as standards: K - orthoclase, Na - albite, 
Si and Ca - wollastonite, Al - A1203, Mg - MgO, Fe -
hematite, Ti - Ti02, Cr - chromite and Mn - rhodonite. The 
analytic procedure of monazite with respect to its dating by 
an identical instrument is shown by Konecny et al. (2004). 
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Fig. 1. Schematic geological map of the Branisko Mts. (according to Polák and 
Jacko et al., 1996). Legend: 1 -Paleogene sediments, 2 - the Choc nappe, 3 -
Mesozoic envelope un-separated sequences: Veporicum, 4 - Permian un-separated 
sequences: Veporicum, 5 - aplitoid granites, 6 - Mesozoic envelope un-separated 
sequences: Tatricum - Northern Veporicum, 7 - Permian un-separated sequences: 
Tatricum - Northern Veporicum, 8 - fine-grained leucogranites, 9 - migmatites, 10 
- garnet-biotite gneisses, 11 - coarse-grained granodiorites, 12 - amphibolites, 13 
- sample localization. 
Statistical processing of the model ages 
of monazite were realised according to 
Montel et al. (1996). The analyses of the 
main and trace elements were 
performed at ACME Lab, Toronto by 
I CP-MS method and at laboratories of 
Petrological Institute, University of 
Vienna through XRF analyses (Table 1). 
RESULTS 
PETROGRAPHICAL DESCRIPTION 
Leucocratic granite as the different-
iates of main granitoid pluton 
Investigated leucogranite from the 
Pod Braniskom - salas locality shows 
typical aplitic texture with an anhedral 
development of light components. K-
feldspar (orthoclase, orthoclase-perthi-
te), sericitized plagioclase (Ano - 5) and 
quartz represent main components of 
rock. Two generations of K-feldspars 
are presented: older K-feldspars I are 
usually strong sericitized and enclosed 
in K-feldspar II. Clear K-fedspar II 
encloses plagioclases and oval quartz I. 
Xenomorphic quartz II is undulosed and 
sporadically recrystallized to fine-
grained agregate. Myrmekite is 
developed sporadically at feld-
spars/quartz II interface. Minor biotite is 
usually baueritized. Muscovite I forms a 
moderate buckled lamellaes. Clean 
crystal termination of muscovite I and 
coarse grain size comparable to that of 
obviously magmatic phases might 
indicate its primary origin. Secondary 
origin of muscovite II results from its 
texture position-foliaceous muscovite 
overprints feldspars markedly. Accesso-
ry minerals are represented by zircon, 
rutile, monazite and apatite. The 
morphology of zircon crystals from the 
investigated leucogranites is represented 
by L (Li. 3) and low S (Si _ 4, S7) types 
(Fig. 2). Secondary paragenesis is 
represented by xenomorphic orthoclase-
perthite (Kfs II), muscovite II and quartz II. 
Leucogranites from the Pod 
Branisko - salas locality represent an 
alkali feldspar granite to a syenogranite 
(Fig. 3). 
Leucocratic granite as a minimum melt 
Leucogranite from the Kamenny 
vrch location shows granitic texture. 
Plagioclase (An22 - 26), K-feldspar 
(orthoclase, perthite and microcline) 
and quartz represent main components 
of rock. K-feldspars are formed by two 
generations: Hypidiomorphic K-felds-
par I is represented by sericitized 
orthoclase which usually included the 
older quartz and plagioclases. Large 
porphyric and hypidiomorphic K-
feldspars II usually enclose older K-
feldspars, plagioclases, quartz and 
biotites. K-feldspars II are microcline-
sed and locally have thin albite rims. 
They are often disturbed and their 
cracks are filled by fine-grained 
muscovite. Myrmekite is developed 
sporadically between K-feldspars and 
quartz. Plagioclase I is markedly 
sericitized and usually included into 
hypidiomorphic unaltered plagioclase 
II with distinctly resorbed rims by tiny 
muscovite. Minute grains of muscovite 
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Table 1. Major (in wt. %), trace element (in ppm) and modal 
composition of studied granitoids. 
BRA-2 
Si02 72.69 Nb 6.6 V 24 Qtz 33.40 
Ti02 0.24 Zr 32.1 Ce 24.1 PI 5.46 
A1203 14.83 Y 6.1 Ba 681 Kfs 56.70 
Fe203 1.27 Sr 215 La 10 Bt 0.40 
MnO 0.03 Rb 97.9 Ms 3.66 
MgO 0.75 Ga 16.5 Acc 0.40 
CaO 0.43 Zn 14 
Na20 4.06 Cu 7.5 
K 2 0 3.55 Ni 5.3 
P2O5 0.12 Co 3.9 
Total 97.97 Sc 3 
BRA-4 
Si02 71.43 Nb 5 V 40 Qtz 30.46 
Ti02 0.32 Zr 140 Ce 56 PI 19.53 
A1203 15.13 Y 7 Ba 1481 Kfs 39.26 
Fe203 2.13 Sr 639 La 33 Bt 3.26 
MnO 0.04 Rb 64 Ms 4.40 
MgO 0.87 Ga 16 Ep 2.00 
CaO 1.64 Zn 36 Ore 0.46 
Na 20 4.1 Cu 6 Acc 0.6 
K2O 3.62 Ni 2 
P2O5 0.11 Co <2 
L.O.I. 0.88 Cr 9 
Total 99.39 Sc 7 
Major elements by X-ray fluorescence (wt.%). 
Trace elements by ICP-MS (ppm). 
Modal composition (vol. %). 
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Fig. 2. Matrix of morphologic types of zircon: (A) sample 






(5a) \ (5b) 
(10a*) \ (10b*) 
(10a) \ (10a) 
100 
ANOR 
Fig. 3. Classification Q'ANOR diagram (Streckeisen & Le 
Maitre, 1979); circles - samples: ZK-55, BRA-2; square -
sample BRA-4. 
usually penetrate feldspars. Finely chloritized and baueritized 
biotite is accumulated along light components of rock and is 
usually altered by hypidomorphic epidote or muscovite. 
Accessory minerals are represented by zircon, rutile, 
monazite, xenotime, apatite and garnet. The morphology of 
zircon crystals from the investigated leucogranites is 
represented by L (Lj . 3) and low S (S, _ 3) types (Fig. 2). 
Specimen from the Kamenny vrch location can be classified 
as monzogranite (Fig. 3). 
GEOCHEMISTRY OF ROCKS 
The investigated leucocratic granitoids are plotted in the 
field of the syncollisional granitoid rocks (Batchelor and 
Bowden 1985) (Fig. 4A). They show peraluminous 
character: A/CNK =1 ,108-1 ,311 , silica-rich (Si02 = 71-74 
wt. %) and poorly/middle fractionation stage (Ti02 ~ 0,24). 
Molar Na20/K20 > 1 indicates the increase Na20 in all 
investigated rocks. It is proved by a presence of albite. The 
REE contents are controlled by accessory minerals mostly by 
monazite and apatite (moderate enrichment at LREE; 
LaN/YbN ~ 19; Eu anomaly is slightly negative). The contents 
of trace elements are variable: Ba ~ 681 - 1481 ppm, Rb ~ 
64 - 110 ppm, Sr ~ 215 - 639 ppm. The amount of Ba and Sr 
are significantly higher at leucocratic granite from the 
Kamenny vrch locality in comparison with leucogranite from 
the Pod Braniskom - salas location and ratio Rb/Sr < 1 for 
both samples. These Rb-Sr contents indicate poorly to 
middle evolved granite stage (Fig. 4B). The crustal nature of 
source is suggested by sNd(0) values (from -5.21 to -7.49), 
contents 5018(SMOW) from 9.5 to 11.3 °/00 and lead isotopes 
206pb/204pb = 1 8 8 3 4 _ 1 9 3 3 3 a I s o 207pb/204pb = [5 7 , 3 _ 
15.738 (Kohut et al. 2003ab). According to zircon 
classification based on the distribution of zircon 
morphological types Branisko leucogranites belong to the 
anatectic crustal granitoids (Pupin 1980). 
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Fig. 4. (A) Multication diagram (Batchelor & Bowden, 1985). (B) Rb-Ba-Sr discrimination diagram of the granitic rocks from the 
Branisko Mts. in comparison with granitoids from the Western Carpathians (Broska & Uher, 2001). Explanations: 1 - poorly evolved 
granites, 2 - middle evolved granites, 3 - highly evolved granites. Rhombs - samples: ZK-55, BRA-2; star - sample BRA-4. 
GEOCHEMISTRY OF SOME ROCK-FORMING MINERALS 
Leucocratic granite as the differentiates of main granitoid 
pluton 
Chemical composition of plagioclases from leucogranites 
from the Pod Braniskom - salas locality suggests the higher 
contents of Ab-component (Ano_2) in comparison with 
leucogranites from the Kamenny vrch locality. The content of 
An-component in plagioclases slightly increases towards the 
grain boundary. Loomis (1982) has interpreted such reversed 
zoning in plagioclases of igneous rocks as cooling change or 
influence of volatiles, alternatively it may indicate dynamic 
magmatic environment or acid-acid mixing (cf. Grogan and 
Reavy, 2002). K-feldspars are nearly stoichiometric pure end-
members with max. 3.7 % content of albite molecule. 
Anorthite molecule has not never exceed 0.3 %. 
Monazite grains from investigated leucogranite (sample 
ZK-55) comprise 5.7 - 7.1 wt. % Th02 (Table 2). The 
contents of U0 2 get around from 0.1 to 0.5 wt. % and the PbO 
concentration is 0.1 - 0.2 wt. %. However, the mentioned 
element concentrations are similar in an individual grains 
relatively. The concentrations of oxide listed above, low 
yttrium concentration and the presence of brabandite 
component within the range from 3 to 12 wt. % in monazites 
indicate their primary origin (Bea 1996). 
Temperature of the leucogranites from Pod Braniskom -
salas location calculated from monazite saturation REE-
thermometry (Montel 1993) is around 750 °C. 
Leucocratic granite as a minimum melt 
Chemical composition of plagioclases from investigated 
leucocratic granite shows higher content of An-component 
(An22_25). The content of An-component in plagioclases 
slightly increases towards the grain boundary. The presence 
of antiperthite is typical feature for leucogranites from the 
Kamenny vrch locality. K-feldspars show max. 6.3 % 
content of albite molecule. Anorthite molecule, except K-
feldspars which are enclosed in plagioclase, (they have only 
0.3 % An-contents here) has not exceed 0.1 %. 
Table 2. Selected microprobe analyses (in wt. % oxide) of monazite from the leucogranites (the Branisko Mts.). 
Sample BRA-4 
Point 1 1-2 1-3 2 2-2 3 3-2 3-3 4 4-2 
Si02 0.25 0.21 0.21 1.12 0.33 0.60 0.60 1.21 0.63 1.09 
A1203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 1.83 1.78 1.73. 0.75 1.05 0.74 0.65 0.77 0.68 0.72 
PbO 0.16 0.16 0.15 0.13 0.10 0.10 0.11 0.13 0.09 0.13 
U0 2 0.33 0.32 0.33 0.22 0.15 0.11 0.12 0.29 0.17 0.20 
Th0 2 8.25 7.68 7.56 6.51 4.87 4.88 4.63 6.91 4.46 6.49 
Y2O3 0.88 0.76 0.79 0.63 0.71 0.93 ' 0.73 0.85 0.45 0.64 
Ce203 27.66 28.34 27.95 28.86 29.02 29.28 29.58 28.39 30.72 29.03 
La 2 0 3 15.09 15.60 15.54 14.54 14.08 14.04 14.51 13.88 15.75 14.10 
Gd203 3.39 3.28 3.39 3.53 3.76 3.81 3.71 3.64 3.50 3.66 
Yb203 0.09 0.09 0.01 0.11 0.07 0.11 0.00 0.19 0.03 0.04 
Sm203 1.14 1.07 1.12 1.35 1.71 1.82 1.51 1.57 1.28 1.66 
Pr 2 0 3 2.71 2.88 2.81 2.95 3.21 3.35 3.28 3.11 3.21 3.11 
Er 2 0 3 0.13 0.00 0.02 0.00 0.07 0.25 0.27 0.00 0.09 0.00 
Nd203 9.83 9.20 9.79 11.57 12.06 11.79 12.02 11.47 11.29 12.00 
P205 27.85 27.78 27.83 26.18 27.50 27.34 27.11 26.34 27.05 26.11 
Total 99.57 99.15 99.20 98.46 98.66 99.14 98.83 98.73 99.39 98.97 
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Table 2. continued 
calculated on the basis 4 O 
Si 0.040 0.034 0.034 0.186 0.054 0.098 0.099 0.199 0.103 0.181 
Al 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ca 0.318 0.310 0.300 0.134 0.184 0.130 0.114 0.137 0.119 0.127 
Pb 0.007 0.007 0.006 0.006 0.004 0.004 0.005 0.006 0.004 0.006 
U 0.012 . 0.012 0.012 0.008 0.005 0.004 0.004 0.011 0.006 0.008 
Th 0.304 0.284 0.280 0.246 0.182 0.182 0.173 0.260 0.166 0.245 
Y 0.076 0.066 0.069 0.056 0.062 0.081 0.064 0.075 0.039 0.057 
Ce 1.642 1.688 1.664 1.756 1.742 1.752 1.781 1.718 1.844 1.765 
La 0.903 0.936 0.932 0.892 0.851 0.846 0.880 0.846 0.953 0.864 
Gd 0.182 0.177 0.183 0.195 0.204 0.206 0.202 0.199 0.190 0.201 
Yb 0.004 0.005 0.001 0.006 0.003 0.005 0.000 0.009 0.002 0.002 
Sm 0.064 0.060 0.063 0.077 0.097 0.102 0.086 0.089 0.072 0.095 
Pr 0.160 0.171 0.166 0.178 0.192 0.200 0.196 0.187 0.192 0.188 
Er 0.006 0.000 0.001 0.000 0.004 0.013 0.014 0.000 0.004 0.000 
Nd 0.569 0.534 0.568 0.687 0.706 0.688 0.706 0.677 0.661 0.711 
P 3.822 3.827 3.830 3.684 3.816 3.783 3.774 3.686 3.755 3.670 
Mo 85.07 85.73 86.05 90.83 91.24 92.51 93.09 90.33 93.13 91.10 
Br 13.99 13.47 13.15 4.77 7.49 5.16 4.56 4.94 4.45 4.67 
Hu 0.94 0.80 0.79 4.39 1.27 2.33 2.35 4.73 2.42 4.23 
Table 2. continued 
Sample ZK-55 
Point 1 1-2 1-3 1-4 1-5 1-6 1-7 2 2-2 2-3 
Si0 2 0.24 0.98 1.04 0.24 1.10 1.07 0.32 0.28 1.18 1.09 
A1203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 1.39 1.03 0.99 1.56 1.00 0.98 1.29 1.36 0.81 0.86 
PbO 0.14 0.11 0.12 0.15 0.12 0.13 0.12 0.13 0.13 0.11 
uo2 0.41 0.13 0.15 0.48 0.14 0.11 0.30 0.28 0.13 0.13 
T h 0 2 6.37 6.88 7.09 7.03 7.55 7.14 6.46 6.43 7.10 7.03 
Y2O3 1.83 0.98 1.13 1.95 1.26 1.00 1.79 1.61 0.79 0.93 
Ce 2 0 3 26.63 27.06 25.88 25.94 25.91 26.63 26.54 26.66 27.15 27.08 
La 2 0 3 12.55 12.14 11.25 11.89 10.96 11.93 11.95 12.57 12.46 12.25 
Gd 2 0 3 3.87 3.87 4.29 3.89 4.26 3.86 3.93 3.87 3.70 3.63 
Yb 2 0 3 0.01 0.00 0.05 0.11 0.01 0.00 0.09 0.03 0.00 0.05 
Sm 2 0 3 2.04 2.11 2.56 1.98 2.59 2.16 2.17 2.04 1.94 2.07 
P r 2 0 3 2.88 3.11 3.04 2.81 3.20 3.25 3.16 2.89 3.15 3.16 
E r 2 0 3 0.02 0.06 0.17 . 0.24 0.25 0.00 0.00 0.13 0.03 0.14 
Nd 2 0 3 11.32 12.92 13.14 11.08 13.12 13.22 12.03 11.79 13.02 12.98 
P2O5 26.78 26.21 25.66 27.43 25.55 25.99 27.02 27.24 25.72 25.97 
Total 96.47 97.59 96.56 96.76 96.99 97.47 97.18 97.29 97.29 97.48 
calculated on the basis 4 O 
Si 0.040 0.163 0.176 0.040 0.187 0.180 0.054 0.046 0.199 0.183 
Al 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ca 0.250 0.184 0.180 0.276 0.181 0.176 0.230 0.242 0.146 0.155 
Pb 0.006 0.005 0.006 0.007 0.005 0.006 0.006 0.006 0.006 0.005 
V 0.015 0.005 0.006 0.018 0.005 0.004 0.011 0.010 0.005 0.005 
Th 0.243 0.262 0.274 0.265 0.291 0.273 0.245 0.242 0.272 0.268 
Y 0.163 0.087 0.102 0.171 0.114 0.089 0.158 0.142 0.070 0.083 
Ce 1.635 1.655 1.607 1.573 1.606 1.634 1.615 1.617 1.674 1.663 
La 0.776 0.748 0.703 0.726 0.684 0.738 0.733 0.768 0.774 0.758 
Gd 0.215 0.214 0.241 0.213 0.239 0.214 0.217 0.213 0.207 0.202 
Yb 0.000 0.000 0.003 0.005 0.000 0.000 0.005 0.001 0.000 0.002 
Sm 0.118 0.121 0.149 0.113 0.151 0.125 0.124 0.116 0.113 0.120 
Pr 0.176 0.189 0.188 0.169 0.197 0.198 0.191 0.174 0.194 0.193 
Er 0.001 0.003 0.009 0.012 0.013 0.000 0.000 0.007 0.001 0.007 
Nd 0.678 0.771 0.796 0.655 0.793 0.792 0.714 0.698 0.783 0.778 
P 3.801 3.707 3.683 3.846 3.661 3.689 3.804 3.821 3.668 3.687 
Mo 88.11 89.38 89.22 86.71 88.86 89.34 88.57 88.33 90.03 89.90 
Br 10.95 6.77 6.64 12.34 6.67 6.44 10.16 10.60 5.28 5.79 
Hu 0.94 3.85 4.14 0.95 4.37 4.23 1.27 1.08 4.09 4.31 
L 
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Table 2. continued 
Sample ZK-55 
Point 2-4 2-5 2-6 3 3-2 3-3 3-4 3-5 3-6 
Si02 0.78 0.75 0.73 0.82 1.20 0.26 0.26 1.13 0.78 
A1203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 0.98 0.97 0.97 0.93 0.46 1.28 1.33 0.86 0.92 
PbO 0.12 0.11 0.11 0.12 0.13 0.14 0.14 0.13 0.10 
uo2 0.13 0.12 0.12 0.15 0.11 0.42 0.31 0.11 0.12 
Th0 2 6.06 6.26 6.25 6.23 6.62 5.79 6.31 7.12 5.74 
Y2O3 1.19 1.25 1.16 1.23 1.49 1.86 1.64 0.83 1.26 
Ce203 26.70 27.09 27.12 27.06 27.27 26.88 26.70 26.81 27.08 
La203 12.00 11.97 11.82 11.68 12.40 12.50 12.29 12.19 11.77 
Gd203 4.11 3.95 4.08 3.93 4.05 4.04 3.69 3.71 4.00 
Yb203 0.22 0.00 0.07 0.04 0.06 0.13 0.10 0.06 0.09 
Sm203 2.25 2.41 2.35 2.41 2.32 1.99 2.02 2.01 2.32 
Pr 20 3 3.18 3.27 3.44 3.37 3.05 3.03 2.85 3.14 3.22 
Er203 0.02 0.24 0.04 0.36 0.18 0.25 0.00 0.04 0.11 
Nd203 12.86 12.79 13.00 12.91 12.60 11.44 11.80 12.93 12.97 
P2O5 26.30 26.65 26.38 26.55 26.05 27.23 27.17 25.93 26.21 
Total 96.90 97.83 97.64 97.77 98.00 97.23 96.60 96.99 96.67 
calculated on the basis 4 O 
Si 0.131 0.124 0.122 0.136 0.200 0.043 0.043 0.190 0.132 
Al 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ca 0.176 0.173 0.174 0.166 0.083 0.227 0.238 0.154 0.165 
Pb 0.005 0.005 0.005 0.005 0.006 0.006 0.006 0.006 0.005 
U 0.005 0.004 0.004 0.005 0.004 0.016 0.011 0.004 0.004 
Th 0.232 0.236 0.238 0.236 0.251 0.218 0.239 0.272 0.220 
Y 0.106 0.111 0.103 0.109 0.133 0.164 0.146 0.075 0.113 
Ce 1.641 1.647 1.659 1.647 1.666 1.631 1.628 1.652 1.668 
La 0.743 0.733 0.729 0.717 0.763 0.764 0.755 0.757 0.731 
Gd 0.229 0.217 0.226 0.217 0.224 0.222 0.204 0.207 0.223 
Yb 0.011 0.000 0.003 0.002 0.003 0.006 0.005 0.003 0.004 
Sm 0.130 0.138 0.136 0.138 0.134 0.113 0.116 0.116 0.135 
Pr 0.195 1.198 0.209 0.204 0.185 0.183 0.173 0.192 0.197 
Er 0.001 0.013 0.002 0.019 0.010 0.013 0.000 0.002 0.006 
Nd 0.771 0.759 0.776 0.767 0.751 0.677 0.702 0.777 0.779 
P 3.737 3.747 3.732 3.738 3.680 3.821 3.831 3.694 3.734 
Mo 90.29 90.22 90.24 90.38 91.97 89.13 88.43 89.78 90.84 
Br 6.62 6.84 6.89 6.41 3.29 9.86 10.54 5.72 6.07 
Hu 3.08 2.94 2.86 3.21 4.74 1.01 1.03 4.50 3.10 
Upper molar A/CNK, around 1.5 value in biotite, 
compared with molar A/CNK value in whole-rock sample 
indicates more alumina character of biotite than its host rocks. 
Ti02 content is rather high (to 3.8 hm. %) in biotite though its 
volume decreases towards the rim of grains. Biotites from 
investigated leucocratic granite shows typically the high Fe 
/(Fe+Mg) = 0.56 - 0.58 values and IVA1 = 2.54 - 2.66 content. 
A1VI is markedly concentrated in the core and Mg is mainly 
occurred in the grain periphery. Relatively high content of A1IV 
indicates a biotite derivation from peraluminous melt. 
Chemical composition of biotite from leucogranite (high FeO, 
Ti02 contents and low A1203, MgO contents) relative to biotite 
composition of the surrounding gneisses (Vozârovâ 1993) 
doesn't suggest a restite origin of biotite. However, low 
contents of FeO, MgO and Ti02 in whole-rock sample are 
consistent with a biotite-free partial melting. 
Contents of Th02 in monazite from monzogranite 
(sample BRA - 4) vary at intervals from 4 to 8 wt. %, 
contents of U02 show intervals from 0.1 to 0.3 wt. % and 
PbO concentration is within the range from 0.1 to 0.2 wt. %. 
The oxide concentrations listed above, further the presence 
of brabandite component within the range from 4 to 14 % 
and low yttrium concentration included with steep LREE 
profiles in monazites indicate their primary origin (Bea 1996, 
Förster 1998). 
REE thermometry of the leucogranites from the 
Kamenny vrch locality derived from monazite saturation 
experiments (Montel 1993) indicate temperature to 730 °C. 
GEOCHRONOLOGY 
CHIME (chemical isochrone method) of monazite in 
leucogranite or alkali feldspar granite (Pod Braniskom -
salas location) which is differentiated member of granite 
plutonism in Patria massive shows age 342 ±15 Ma (Fig. 5). 
This age may represent the formation eventually 
emplacement of the main granitoid pluton in Lower 
Missisipian or "Lower Carboniferous". One grain within this 
measurement set showed anomalous high age 386 ± 19 Ma 
(Table 3) which can indicate the presence „an inherited 
grain", perhaps even the recycling of an older crust. 
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Fig. 5. Histogram representations of mean EMPA monazite ages (Montel et al., 1996) from all investigated leucogranite samples. 
Table 3. Range of Th, U and Pb abundance and calculated ages in monazites from EMPA dating of leucogranites. 
Sample Point Th U Pb Th* T (Ma) Mean (Ma) 
BRA-4 1 7.249 0.301 0.146 8.05 374 384±21 
1-2 6.746 0.293 0.147 7.54 404 
1-3 6.639 0.299 0.136 7.45 376 
2 5.724 0.202 0.120 6.25 398 
2-2 4.277 0.136 0.090 4.62 388 
3 4.291 0.102 0.091 4.52 389 
3-3 6.073 0.264 0.121 6.79 360 
4 3.919 0.157 0.079 4.34 371 
4-2 5.704 0.184 0.119 6.17 398 
ZK-55 1 5.597 0.370 0.129 6.67 364 342±15 
1-2 6.049 0.120 0.098 6.29 305 
1-3 6.232 0.138 0.115 6.53 344 
• 1-4 6.178 0.434 0.143 7.44 364 
1-5 6.632 0.128 0.107 6.89 296 
1-6 6.278 0.103 0.122 6.46 379 
1-7 5.681 0.271 0.115 6.43 329 
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Table 3. continued 
Sample Point Th U . Pb Th* T ( M a ) Mean (Ma) 
ZK-55 2 5.650 0.250 0.120 6.33 358 
2-2 6.238 0.119 0.117 6.48 366 
2-3 6.179 0.115 0.106 6.40 327 
2-4 5.326 0.117 0.107 5.58 367 
2-5 5.497 0.108 0.106 5.72 355 
2-6 5.491 0.106 0.105 5.70 356 
3 5.473 0.134 0.107 5.78 354 
3-2 5.819 0.102 0.122 6.01 388 386±19 
3-3 5.087 0.384 0.127 6.22 381 
3-4 5.542 0.281 0.126 6.32 379 
3-5 6.253 0.104 0.124 6.44 392 
3-6 5.042 0.109 0.093 5.27 330 
3-7 5.319 0.113 0.102 5.56 353 
3-8 5.682 0.114 0.113 5.92 375 
3-9 5.464 0.098 0.099 5.65 334 
30 5.879 0.093 0.106 6.04 350 
31 5.595 0.122 0.125 5.86 423 
32 5.576 0.296 0.126 6.41 373 
33 5.924 0.114 0.123 6.15 394 
34 6.213 0.116 0.123 6.44 376 
35 6.263 0.239 0.138 6.89 388 
36 5.893 0.317 0.119 6.78 321 
CHIME (chemical isochrone method) monazite dating 
from monzogranite (sample BRA - 4; Kamenny vrch 
location) which represents the minimum melt occurred 
probably during isobaric decompression within 384 ± 2 1 Ma 
which was the age reported also by Kohut (2005). This age is 
synchronous to the forming of Variscan metamorphosis 
resulted in the origin of orthogneisses in this area. 
CONCLUSIONS 
Mineralogical and geochemical data, the accessory 
mineral assemblage e.g. the absence of magnetite and zircon 
typology in the investigated rocks clearly indicate the crustal 
origin of leucogranites from the Branisko Mts. and their 
competence to S-type granitoid rocks (sensu Broska and 
Uher 2001). The crustal origin is indicated by oxygen and 
lead isotopes as well (Kohut et al. 2003ab). 
The monazite age data from the Branisko leucogranites 
show relation to main Meso-Hercynian stage (cca 340 Ma). 
An appearance of leucogranites (sample BRA - 4) from the 
Kamenny vrch locality is probably associated with the early 
collision stage of Variscan orogeny (384 ± 21 Ma). This 
leucocratic granite represents a minimum melt occurring in 
migmatites and orthogneisses. These new melt portion create 
the small bodies following the foliation of metamorphic 
rocks with eastern-western direction (Fig. 1). Moreover, the 
age conformity between leucogranites and gneisses (397 ± 16 
to 314 ± 7 Ma) (Kohut et al. 2004) indicates that the 
processes might have been related to the similar 
tectonometamorphic event i.e. the leucocratic granite 
formation is synchronous to the partial anatexis of the gneiss 
complex beside medium-pressure Variscan metamorphic 
events (Vozarova 1993, Faryad 1996, Vozarova and Faryad 
1997, Faryad et al. 2005). 
EMPA dating of monazites in leucogranite or alkali 
feldspar granite (Pod Braniskom - salas location) shows age 
342 ± 15 Ma. Leucogranite represents the differentiated 
member of granite plutonism in Patria massive. Its formation 
results from collision processes and subsequent crust 
thickness apparently and from the occurrence of the felsic 
magmatism in Early-Carboniferous period (around 350 Ma) 
during the Palaeozoic evolution of the Western Carpathian 
basement complexes. Gained old age record - 386 ± 19 Ma 
(middle Devonian) in the same sample can indicate the 
presence of „an inherited grain" in rock, perhaps even the 
recycling of older crust. According to Kohut (2005) 
Devonian period constitutes the initial stage formation of the 
continental crust collisional processes leading to the 
orthogneiss precursor production and the reactivation of old 
fundament in the Western Carpathian realm. However, the 
occurrence of older ages from gneiss-amphibolite rocks (380 
Ma and around 750 Ma) indicates the participation rocks of 
older orogenic events in geological structure of Branisko 
crystalline complex (I.e.). 
ACKNOWLEDGEMENTS 
This study was partially provided by Grants VEGA Project 
No. 1/2170/05 and VEGA 4097. Thanks are due to Prof. Dr. 
F. Koller for his support and Mag. P. Nagl (University of 
Vienna) for his help at the laboratories. Dr. T. Ntaflos is also 
greatly acknowledged for his help at the electron microprobe 
(University of Vienna). 
REFERENCES 
BATCHELOR, R. A., BOWDEN, P. (1985): Petrogenetic interpretation 
of granitoid rock series using multicationic parameters. Chemical 
Geology, 48, 43-55. 
BEA, F. (1996): Residence of REE, Y, Th and U in granites and 
crustal protolith; Implications for the chemistry of crustal melts. 
Journal of Petrology, 37, 521-552. 
BEZAK, V., JACKO, S., JANAK, M., LEDRU, P., PF.TRJK, I., VOZAROVA, 
A. (1997): Main Hercynian lithotectonic units of the Western 
Carpathians. In Grecula, P., Hovorka, D., Putis, M. (eds.): 
www. sci. u-szeged. hu/asvanytan/acta. htm 
Two types of leucogranites from the Branisko Mts. 61 
Geological evolution of the Western Carpathians. Mineralia 
Slovaca, Monograph., Bratislava, 261-268. 
BÖNOVÄ, K . , JACKO, S . , BROSKA, I . , SIMAN, P . ( 2 0 0 5 ) : C o n t r i b u t i o n 
to geochemistry and geochronology of Branisko leucogranites. 
Mineralia Slovaca, Bratislava, 37/ 3, 349-350. 
BROSKA, I. , UHER, P . ( 2 0 0 1 ) : W h o l e - r o c k c h e m i s t r y a n d g e n e t i c 
typology of the West-Carpathian Variscan granites. Geologica 
C a r p a t h i c a , 5 2 / 2 , 7 9 - 9 0 . 
CAMBEL, B., WALZEL, E. (1982): Chemical analyses of granitoids of 
the West Carpathians. Geologicky Zbornik Geologica Carpathica, 
Bratislava, 5, 33, 573-600. 
FARYAD, S. W. (1996): Petrology of amphibolites and gneisses in 
Branisko massif. Mineralia Slovaca, Bratislava, 28, 265-272. 
FARYAD, S. W . , IVAN, P . , JACKO, S. ( 2 0 0 5 ) : M e t a m o r p h i c p e t r o l o g y o f 
metabasites from the Branisko and Cierna Hora Mountains 
(Western Carpathians, Slovakia). Geologica Carpathica, 56/1, 3-16. 
FÖRSTER, H. J. (1998): The chemical composition of REE-Y-Th-U-
rich accessory minerals in peraluminous granites of the 
Erzebirge-Fichtelgebirge region, Germany, Part I: The monazite-
(Ce)-brabandite solid solution series. American Mineralogist, 83, 
259-272. 
GROGAN, S . E . , REAVY, R . J . ( 2 0 0 2 ) : D i s e q u i l i b r i u m t e x t u r e s in t h e 
Leinster Granite Complex, SE Ireland: evidence for acid-acid 
magma mixing. Mineralogical Magazine, 66, 929-939. 
KOHÜT, M . , POLLER, U . , NABELEK, P . , TODT, W . , GAAB, A . S . 
(2003a): Granitic rocks of the Branisko Mts. - partial melting 
products of the Patria amphibolite - gneissic (greenstone) 
complex. Journal of the Czech Geological Society, Abstr., Praha, 
48/1-2, 78-79. 
KOHÜT, M . , POLLER, U . , NABELEK, P . , TODT, W . , RECIO, C . ( 2 0 0 3 b ) : 
TTG rocks of the Branisko Mts., Western Carpathians - partial 
melting of the amphibolitic - gneissic lower crust. In Arima, M., 
Nakajima, T., Ishihara, S. (eds.): The Origin of Granites and 
Related Rocks. Interim-Report, (Toyohashi, Japan), 29, 76. 
KOHÜT, M . , SHERLOCK, C . S . , POLLER, U . , KONECNY, P . , SIMAN, P . , 
HOLICKY, I . ( 2 0 0 4 ) : T h e i n d i c a t i o n s t o t h e p r e - H e r c y n i a n a n d 
Hercynian evolution in the Patria crystalline complex-the 
Branisko Mts. (Western Carpathians, Slovakia). ESSE Conf., 
December 3 rd- 4TH, Deptartment of Geology and Paleontology, 
Faculty of Science, Comennius University, Bratislava, 1 -4 . 
KOHÜT, M. (2005):Geological evolution of Patria crystalline 
complex in Branisko Mts. Mineralia Slovaca, Bratislava, 37, 
220-221. 
Received: November 10, 2005; accepted: April 30, 2006 
KONECNY, P . , SIMAN, P . , HOLICKY, I. , JANÁK, M . , KOLLÁROVÁ, V . 
(2004): Method of monazite dating by means of the electron 
microprobe. Mineralia Slovaca, Bratislava, 36/3-4, 225-236. 
LOOMIS, T. P. (1982): Numerical simulations of crystallization 
process of plagioclase in complex melts: the origin of major and 
oscillatory zoning in plagioclase. Contribution to Mineralogy and 
Petrology, 81, 219-229. 
MACEK, J . , CAMBEL, B . , KAMENICKY, L . , PETRÍK, I. ( 1 9 8 2 ) : 
Documentation and basic characteristics of granitoid rock 
samples of the West Carpathians. Geologicky Zbornik Geologica 
Carpathica, Bratislava, 5, 33, 601-623. 
MONTEL, J. M. (1993): A model for monazite/melt equilibrium and 
application to the generation of granitic magmas. Chemical 
Geology, 110, 127-146. 
MONTEL, J . M . , FORET, S. , VESCHAMBRE, M . , NICOLLET, C . , 
PROVOST, A. (1996): Electron microprobe dating of monazite. 
Chemical Geology, 131, 37-53. 
POLÁK, M., JACKO, S. (eds.), Vozár, J., Vozárová, A., Gross, P., Harcár, 
J., Sasvári, T., Zacharov, M., Báláz, B., Kaliciak, M., Karoli, S., 
Nagy, A., Bucek, S., Maglay, J., Spisák, Z., Zec, B., Filo, I., Janocko, 
J. (1996): Geological map of Branisko Mts. and Cierna Hora Mts., 1 : 
50 000. MZP, GSSR, F BERG, Bratislava, Kosice. 
POLÁK, M. (ed.), Jacko, S., Vozárová, A., Vozár, J., Gross, P., 
Harcár, J., Sasvári, T., Zacharov, M., Báláz, B., Liscák, P., Malik, 
P., Zakovic, M., Karoli, S., Kaliciak, M. (1997): Explanations to 
geological map of Branisko Mts. and Cierna Hora Mts., 1 : 50 
000. Dionyz Stúr Institute of Geology, Bratislava, 1-201. 
PUPIN, J.P. (1980): Zircon and Granite Petrology. Contributions to 
Mineralogy and Petrology, 73, 207-220. 
RÖSING, F. (1947): Die geologischen Verhältnise des B r a n i s k o -
Gebirges und der Cierna hora (Karpaten). Zeitschrift der 
Deutschen Geologischen Gesellschaft, (Hannover), 99, 8-39 . 
STRECKEISEN, A . , LE MAÎTRE, R . W . ( 1 9 7 9 ) : A c h e m i c a l 
approximation to the modal QAPF classification of the ifneous 
rocks. Neues Jahrbuch für Mineralogie, Abhandlungen, Stuttgart, 
136, 2, 169-206. 
VOZÁROVÁ, A . ( 1 9 9 3 ) : P r e s s u r e - t e m p e r a t u r e c o n d i t i o n s o f 
metamorphism in the northern part of the Branisko crystalline 
complex. Geologica Carpathica, 44/4, 219-232. 
VOZÁROVÁ, A . , FARYAD, S. W . , ( 1 9 9 7 ) : P e t r o l o g y o f B r a n i s k o 
crystalline rock complex. In Grecula, P., Hovorka, D. Putis, M. 
(eds ): Geological evolution of the Western Carpathians. 
Mineralia Slovaca, Monograph., Bratislava, 343-350. 
k 
www. sci. u-szeged. hu/asvanytan/acta. htm 
AMP 
www. sei. u-szeged. hu/asvanytan/acta. htm 
Acta Mineralogica-Petrographica, Szeged 2005, Vol. 46, pp. 63-67 
T H E R O L E O F E X P A N D I N G C L A Y M I N E R A L S IN M A S S M O V E M E N T S 
A T H O L L Ó H Á Z A , T O K A J M T S . 
TIBOR ZELENKA1, PÉTER KOVÁCS-PÁLFFY2, NORBERT TRAUER3 
1 Hungarian Geological Survey, H-l 143, Budapest, Stefánia út 14. 
2 
Geological Institute of Hungary, H-l 143, Budapest, Stefánia út 14. 






Hollóháza is situated in the NE part of Hungary, in the Tokaj Mts. region neighbouring Slovakia. Hollóháza is surrounded by remnants of the 
former trenches of a ring-shaped Miocene volcanic caldera, 4-6 kilometres in diameter. The village settled down in the natural cirque of the 
former caldera. Here rhyolite tuff and clayey marine sediments of various thicknesses (10-20 m) and volume (< 20 km3) are deposited on the 
andesite basement. The watershed rising over the village is contoured between 250-600 metres. The inner area is about 20 km2, into which 
yearly approx. 12 mill, m3 water quantity infiltrates and runs down to the catchment area of Török stream. The average annual precipitation 
is 600-650 mm. The rhyolite tuff of various grain size originally fallen into water alternates with Sarmatian marine clays and has been 
strongly altered. The covering soil has high clay mineral content, too. Andesitic rocks in the basement have also been transformed into clay 
minerals, strongly contributing to the occurrence of sliding. All these geological formations may cause different mass movements due to their 
high swelling clay mineral content. 
Key words: Miocene, volcanic caldera, marine clay, altered rhyolite tuff, altered andesite, landslides 
INTRODUCTION 
Hollóháza is situated in the Tokaj Mts. region, NE 
Hungary, neighbouring Slovakia. This is a potential area for 
mass movements which comes from the characteristic 
geological structure of the mountains. There were several 
unfortunate examples in the recent past for showing the real 
nature of this phenomenon. 
The area of the Tokaj Mts. has been the part of a former 
volcanic archipelago, constantly sinking in the Middle-Upper 
Miocene between fault lines stretching along the Hernád and 
Ronyva streams (NE - SW, NW - SE). The volcanism was 
calc-alkalic which resulted in rhyolite-rhyolite tuff and later 
in andesitic-dacitic and basaltic-andesitic lavas and 
pyroclasts, in two cycles during the Badenian and Sarmatian 
stages (Gyarmati 1977, Ilkeyné Perlaki and Pentelényi 1976). 
Hollóháza is surrounded by the remnants of the former 
ring-shaped walls of a Miocene volcanic caldera, 4-6 
kilometres in diameter (Fig. 1). The heights of these peaks of 
the watershed are rising over the village by 250-300 metres, 
at 500-600 metres above sea level. The inner area is about 20 
km2. It is the catchment area of Török stream into which 
approx. 12 mill, m3 water quantity infiltrates and runs down 
on an average of 600-650 mm annual rainfall. The rainwater 
flows towards the village from all directions down the steep 
slopes, partly as surface water flow and discharge from the 
aquifers, partly as ground water. 
The village settled down in the natural cirque of the 
former caldera. Here the basal andesite is covered by 
rhyolite tuff and clayey marine sediments of various 
thicknesses (10-20 m) and volume (< 20 km3). On their 
border, aquifers discharge on the valley bottom. The cirque-
like depression is cut by a huge tectonic valley directed from 
NW to SE, showing lateral movement (Török stream valley). 
Fig. 1. The uncovered revised geological map of the 
Hollóháza area. 
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In the SE it breaks through the rim of 
the former caldera forming a gorge. 
Clay and rhyolite tuff layers dip by 10 
- 25 ° from east and west towards the 
tectonic valley (Zelenka and Trauer 
1999a, 1999b, 2003, Fig. 1 and Fig. 2). 
The rhyolite tuff of variable grain 
size alternates with Sarmatian marine 
clays. It has originally fallen into water 
and has been strongly argillised. The 
covering soil ("nyirok") has a high clay 
mineral content, too. These rocks swell 
in contact with water and slides may 
occur on their surfaces. Andesitic rocks 
in the basement are also highly altered 
to clay minerals, strongly contributing 
to the occurrence of rotational slumps. 
M E T H O D S 
In the research program studying 
the areas affected by landslides we 
used the following methods: 
-geological survey mapping surface 
rock outcrops, stream outcrops, 
aquifer fissures and the direction of 
ant-hill rows, 
— aerial photo interpretation of movement 
benches of the drainage pattern, 
- surface geoelectric (resistivity) survey 
of the position of rock bodies, 
— engineering geophysical sounding for 
the determination of stability, gamma 
activity, density and water content of 
rocks, 
-core drillings, soil mechanical spiral 
drillings for the determination of 
petrologic and soil mechanical 
characteristics like plasticity and flow 
limit, shear and compressive strength, 
-mineralogical analysis of the different 
affected rocks. The mineralogy of the 
samples was determined by X-ray 
diffraction and thermal analysis. 
The X-ray diffraction analyses were 
done by Philips PW 1730 diffractometer 
under the following conditions: Cu anti-
cathode, 40 kV and 30 mA tube-current, 
graphite monochromator, goniometer 
speed 2 °/minute. The mineral 
composition was calculated on the basis 
of the relative intensity rates of 
characteristic reflections of the minerals, 
applying thepublished or experimental 
corundum factors of minerals. 
The thermal analyses were made by 
Derivatograph-PC with simultaneous 
registration of TG, DTG and DTA 
curves using corundum crucible, with a 
heating speed of 10°C/minute up to 
1000 °C and with A1203 as inert 
material. The quantitative determination 
w 
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Fig. 2. Geological sections of the József Attila residential area. The directions of 
the sections are shown in Fig. 1. 
of the thermally active minerals is based 
on stoichiometric calculation of the 
heat-induced decomposition process of 
the minerals identified. The calculation 
is based on the measured loss of mass 
during the analysis. 
In this paper only the results of the 
geological and mineralogical investi-
gations are discussed. Results of other 
methods are presented in the reports 
cited in the Introduction. 
DAMAGES CAUSED BY LAND 
MOVEMENTS AT H O L L Ó H Á Z A 
Different slides can be rotational 
slumps, slumps and bed slides 
morphologically causing serious 
damages to buildings, road and public 
utility networks (linear infrastructure). 
Inside the village, there are no mass 
movements in the upper part of 
Rákóczi road and near the Porcelain 
Factory because there are massive lava 
rocks. Other parts of the village are 
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settled Sarmatian clay of mosaic 
structure alternating with rhyolite tuff. 
These formations are highly slide 
hazardous due to the presence of 
swelling clay minerals and play an 
important role in the damaging 
movements on the surface. 
Land movements are of different 
size. 11 potentially hazardous areas can 
be delineated in Hollóháza, from which 
the most dangerous are (1) the 
surroundings of Attila József 
residential area, (2) surroundings of the 
Roman Catholic Church and (3) the 
southern slopes of Nagy Hrabó Mt. 
Areas 1/A. and 1/B 
In the area of housing estates in 
József Attila Street rock mass of 2.5 
mill, m3 moved towards SE on the 
boundary sheet of Sarmatian clay and 
rhyolite tuff. This movement affected 
more than 50 flats. There were scissor-
like openings on the concrete walls of 
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the houses. In brick houses damages were mainly due to 
displacement of fences and walls by several 10 centimetres 
along surface outcrops of rotational slumps. Here the walls 
cracked first, than insufficiently fixed fences tumbled down, 
in the end detachment along cracks on sides of flats and 
collapsing were observed. 
Fig. 3. Front of a landslide in József Attila residential area. 
Fig. 4. Fractured tree in the József Attila residential area. 
Area 2 
In the vicinity of the Roman Catholic Church and its 
surroundings in Ady Endre Street rock mass of 0.3 mill, m3 
moved. There were slides and slumps on the boundary 
between the rhyolite tuff and Sarmatian clay due to 
permeation of water from the water channel. The movement 
of Sarmatian bentonitic grey clay and variegated clay has 
damaged the rock dam of the stream bed. A 6 metres deep 
drainage pit helped to stop the bed slide. There is in average 
a 12 litres/minute water output from the tapping. The area 
has been stable for a year. 
Area 3 
Rock mass of 1.5 mill, m3 moved and endangered 25 
houses on the southern slopes of Nagy Hrabó Mt.. In 1999-
2000 the problem was solved here by carrying the water off 
in tubes and preparing the gutters on the road. Here the 
movement affected the soil that contains dacite detritus. 
Such movements highly depend on different kinds of 
rainfall. After heavy rains first swelling and then - in the 
drying phase - shrinking can be observed in rocks with high 
montmorillonite content. The high montmorillonite content 
(40%) of covering soil promotes movement in the whole 
upper 10-15 metres cross-section (Fig. 2). In the rhyolite tuff, 
tuffite and conglomerate 1-2 centimetres thick hydrothermal 
quartz veins, opal and chalcedony fillings evidently indicate 
hydrothermal epigenetic effects. 
MORPHOLOGIC FEATURES OF THE SLIDES 
Rotational slumps display semicircular, convex, arched, 
back-tilted surfaces of more 10 metres diameter which are 
recurred many times towards the movement slope forming 
whole fronts (Fig. 2.). In the slipped, back-tilted zone in the 
background there is a small bowl-shaped pond (József Attila 
Street, NW). 
In case of slumps along bed surfaces, there are cracks and 
slides of several metres size on the borders of rock bodies. It 
may be accompanied by smaller diapiric uplift due to 
swelling (Hrabó Mt. area). 
Bed slides occur along the 20 - 30° steep slopes. On the 
soapy slip surfaces of bedded rhyolite tuffs and tuffites of 
high montmorillonite content movement slickensides or - in 
some cases (in the vicinity of the nursery) - disturbed 
bedding are developed. 
M A C R O - AND MICROSCOPIC CHARACTERISATION OF THE 
ALTERED ROCKS 
The formations involved in the mass movements are 
described below in terms of occurrence, macroscopic 
features and optical microscopy. 
Bentonitic andesite 
It can be found near the surface in the sliding area in 
József Attila Street in the HCS-11 drilling and in shaft III. It 
is variegated, red-green coloured, soapy and can be cut by 
hand. Macroscopically 1-2 mm porphyric feldspars and 45° 
steep, striated sliding surfaces can be observed. 
Hydrothermal quartz veins of 3 mm diameter cross the rock 
next to a slip surface dipping at 65°. 
According to the microscopic analysis 80% of the 
groundmass of the hyalopilitic, porphyritic, vesicular 
andesite has been altered to montmorillonite of 2 - 5 pm 
grain size. Some of the feldspars contain montmorillonite 
inside. There is opal and chalcedony filling in the vesicles. 
Bentonitic rhyolite tuff 
It can be found in an outcrop on the northern end of 
József Attila Street, on a rotational slump front. The varieties 
alternating with each other are olive-green, bedded, fine 
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grained perlite, obsidian bearing, sandy bentonitic dust tuff 
and pumiceous lapilli-bearing rhyolite tuff microconglomerate 
of 3 - 5 mm in grain size. The rocks can be cut with knife 
when wet. 
The vitreous groundmass of the vitro-crystalloclastic 
rhyolite tuff became a mass of montmorillonitic grains of 1 - 2 
(im size. The fibrous pumice grains of 1000 jim size are 
slightly devitrified. There are 100 - 200 (im biotite, quartz, 
sanidine and muscovite crystals and 1000 [un large rhyolite 
and andesite rock fragments. The pebbles accumulated in 
aquatic conditions. 
Marine clay 
The colour is yellow if oxidised, grey in the reduction 
zone. It is micro-stratified (laminated), plastic when wet, 
cracked if dried out. It has mosaic structure with shiny 
sliding surfaces in the movement zone. 
Soil ("Nyirok") 
The soil called by the local name "nyirok" is fine-
grained, granular, and slightly plastic when wet; tough, 
crumbly, and inhomogeneous. The grains are surrounded by 
a clay matrix. 
MINERALOGICAL ANALYSIS 
The primary aim of the mineralogical analysis was to 
identify the distribution of the swelling clay minerals in the 
different rocks participating in the mass movements (Table 1). 
The montmorillonite contents are higher in the volcanic 
rocks. This mineral is well crystallised Ca-montmorillonite. 
The 001 basal reflection has high intensity. 
Table 1. Swelling clay mineral contents of rocks (%, average 
and range). 
Formation montmorillonite illite/montmorillonite 
soil ("nyirok") 29 (20-43) 4(0-5) 
marine sandy clay 24 (12-50) 4(0-6) 
bentonitic rhyolite tuff 52 (34-81) 1 (0-6) 
bentonitic andesite 74 (58-91) -
The montmorillonite in sedimentary rocks has 001 basal 
reflection of lower intensity and is poorly ordered. In these 
rocks illite can be observed in higher amounts (Fig. 5). 
According to the thermal analysis, the character of 
montmorillonite is different in different rock types (Fig. 6). 
The dehydroxilation temperature of the montmorillonite of 
the rhyolite tuff is 700 °C, which characterise the primary 
montmorillonite. 
The dehydroxilation of the montmorillonite of the 
bentonitic andesite proceeds in two steps; the first reaction at 
530 °C and a second is at 655 °C. The red bentonitic andesite 
has some kaolinite content too. The Sarmatian marine clay 
and soil ("nyirok") consist of a mixture of different clay 
minerals (montmorillonite, illite, chlorite). 
The results of the XRD analysis of 15 powdered bulk 
samples of rocks (Table 2) show the following non-swelling 
minerals composition: 
The mineral composition of the soil and marine sandy 
clay formations is characterised by higher contents of 
detrital, inherited minerals and carbonates (muscovite, 
quartz, feldspars, chlorite, calcite, dolomite). 
The argillised volcanic rocks presented similar 
mineralogical composition, with high contents of cristobalite. 
Fig. 5. X-ray diffraction diagrams of the rock types. Horizontal axis: °20, (CuKa). 
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Fig. 6. Thermoanalytical curves of the rock types. 
Table 2. Non-swelling mineral contents of rocks (%, average and range). 
Formation muscovite, illite kaolinite chlorite quartz K-feldspar plagioclase cristobalite calcite dolomite 
soil ("nyirok") 
marine sandy clay 
bentonitic rhyolite tuff 
bentonitic andesite 
6(0-12) 4(0-4) 35(33-37) 3 (2-4) 7(6-8) 
10(0-18) 1(0-3) 4(0-6) 21(9-31) 1(1-2) 3(0-7) 
1 (0-2) 5 (3-8) 1 (1) 7 (5-9) 14 (0-28) 
3 (0-4) 2(1-4) 1(0-3) 1(0-2) 12(0-22) 
3 (0-6) 2 (0-4) 
9 (0-17) 3 (0-7) 
CONCLUSIONS 
At Hollóháza the strongly altered rhyolite tuff of different 
grain size originally fallen into water alternates with 
Sarmatian marine clays. The covering soil has high 
expandable clay mineral content, too. These rocks swell due 
to saturation with water and slides may occur on their 
surfaces. Andesitic rocks in the basement also became 
bentonitic, strongly contributing to the occurrence of slumps. 
Volcanic rocks contain more and well-crystallised 
montmorillonite. In sedimentary rocks montmorillonite is 
less and is of disordered type. 
The swelling of clay minerals plays an important role in 
the damaging changes of the surface. 
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